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The difference in these 
processes could be 


worth millions 


to your company 








A Conventional rough forging IB Precision forged contour rolled piece 


y lf 


Steel: weight 120 Ibs. Steel: weight 35 Ibs. (70.83% saving) 
Titanium: weight 70 Ibs. aa Titanium: weight 20 Ibs. (71.43% saving) 


AA machining time: 16 hrs. (approx.) | sasha BB machining time: 8 hrs. (approx.) 
| he 50% Saving 


Finished Machined Ring 


The difference is , 


























44ROM the example above it is evident that material 2a . . 
Engineered Designs for Optimum Structures 


costs alone, using conventional methods, can exceed 
the total finished cost of parts produced by the exclusive 
A. QO. Smith E.D.O.S. process. By comparing a conven- 
tional rough forging with a precision-forged, contour- 


forging, contour rolling, flash and fusion welding) can 
build a lighter, stronger product faster and at lower cost 
: 7 than any other existing method! For further informa- 
rolled ring (A and B illustrated above), material cost of tion about E.D.OS., contact A. O. Smith Corporation, 
the finished ring is cut by more than 70% — machining Milwaukee 1. Wisconsin. 

time cut by 50%! These great savings — due to conser- 

vation of costly metal by predetermined distribution — 


are possible with steel, titanium and other heat-resistant 
alloys. The whole E.D.O.S. process (involving precision 
Through research.’ ...@ better way 
with technical details. Also arrange for 


AO.Smith 
es a oy CE wee: ee 
showing of new 16-mm. sound color 


C 
movie about this remarkable process. MILWAUKEE 1, WISCONSIN 
international Division: MILWAUKEE 1, WISCONSIN 


WRITE TODAY FOR FREE ILLUSTRATED 
BOOKLET — Bulletin 1-17A — Complete 
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3 MATERIALS are exposed to nitric acid in comparison test of 
corrosion resistance. From left to right, they are steel, REFRAX® 
silicon-nitride-bonded silicon carbide refractory, and copper. 
Only the refractory remains unaffected. 








Refractories for outstanding corrosion resistance 


Wherever the possibility of chemical attack exists, it pays to con- loads, retain initial purity . .. whether at low or extremely high 


sider refractories as materials of construction. The picture shows temperatures. 
why. In numerous corrosive applications, CARBORUNDUM'S These properties are but a few of those found in super 
refractories are proving superior to other materials. They resist refractories pioneered by CARBORUNDUM. Among them, you 


many highly basic substances as well as acids, acid slags and are almost certain to find answers to your material selection 
fluxes. problems. For help, fill in and mail this coupon today. 


Typical applications are: linings in controlled atmosphere 
furnaces, pumps and pump parts handling molten aluminum, 
nozzles spraying corrosive and abrasive liquids, linings in 
muriatic acid furnaces, retorts for reducing and refining zinc 
ores, linings for glass tanks, etc. 

But seldom is a refractory called upon to provide corrosion 
resistance alone. It may be required to transmit heat rapidly, 
resist thermal shock cracking, withstand abrasion, carry heavy 


CARBORUNDUM 


Registered Trade Mark 


—_———————WMAIL THIS COUPON TODAY-———————- 


Refractories Division, 
The Carborundum Company, Perth Amboy, N. J., Dept. $67 


Please send me: 
[ ] Forthcoming issue of Refractories Magazine 
[] Bulletin on Properties of Carborundum’s Super Refractories 
[] Here is a description of my corrosion problem. 
Can you help me? 
OD eq Sl 
Company 
eT . 0.0.0 
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Research & Engineering 


The Magazine of 
TECHNICAL MANAGEMENT 








JUNE 1957 Technical Management: Are Engineers Really Different? 0 
VOL. Ill, No. 6 Arnold Addison 


An associate of Dr. Williamson presents some thoughts about the engineer 
personnel relationship from the personnel man’s point of view. 
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Heavenly View of the Heavens 4 
Athelstan Spilhaus 


What does Science expect to gain from the multi-million Geophysical Year? a 
spokesman for the Geophysical Society explains its objectives. 















Risks and Rewards of Delegating 
Scott Nicholson 


Giving subordinates their head without letting matters get completely out of 
hand is a delicate but important art. 








Curbing Rising Costs with Electronic Instruments 
Robert C. MacMillen 


A technical revolution is taking place in the chemical industry as a result of elec 
tronic instrumentation. A du Pont research director describes what is happening. 










What R & D Men Are Saying: An Attitude Survey 26 | 
























Homer M. Sarasohn on 
How people act is determined by what they are thinking, Here a consultant of F 
Booz, Allen & Hamilton reports a recent attitude survey of engineers. | 
Face to Face: R/E Interviews Dr. Emmanuel Piore of IBM 0 Fi 
A discussion of short-range vs long-range research, and what IBM expects from 
it; Government spending; the problem of recruiting skilled manpower. Tv 
= & 
. . , he: 
Freeing Science Skills i. a 
Laboratory tools are proving a boon to the brewing and bottling business. : os 
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AIRCRAFT COSTING MILLIONS... 











»»» ARE PROTECTED BY THE B&H 


Two of the most important factors that affect jet engine life, efficiency, and safe 
operation are Exhaust Gas Temperature (EGT) and Engine Speed (RPM). Excess 
heat will reduce “bucket” life as much as 50% and low EGT materially reduces 
efficiency and thrust. Any of such conditions will make operation of the aircraft 
both costly and dangerous. The JETCAL Analyzer predetermines accuracy of the 
EGT and (interrelatedly) Tachometer systems and isolates errors if they exist. 


The JETCAL ANALYZES JET ENGINES 10 WAYS: 


1) The Jetcat Analyzer functionally tests 
EGT thermocouple circuit of a jet aircraft or 
pilotless aircraft missile for error without 
running the engine or disconnecting any wir- 
ing. GUARANTEED Accuracy is +4°C, at en- 
gine test temperature. 

2) Checks individual thermocouples “‘on the 
bench” before placement in parallel harness. 
3) Checks thermocouples within the harness 
for continuity. 

4) Checks thermocouples and 
harness for accuracy. 

5) Checks resistance of the Exhaust Gas 
Temperature system. 

6) Checks insulation of the EGT circuit for 
shorts to ground and for shorts between leads. 
7) Checks EGT Indicators (in or out of the 
aircraft). 


8) Checks EGT system with engine removed 


paralleling 


from aircraft (in production line or overhaul 
shop). 


9) Reads jet engine speed while the engine is 
running with a guaranteed accuracy of +0.1% 
in the range of 0-110% RPM. Additionally, 
the TAKCAL circuit can be used to trouble 
shoot and isolate errors in the aircraft tachom- 
eter system, 


10) JetTcat Analyzer enables engine adjust- 
ment to proper relationship between engine 
temperature and engine RPM for maximum 
thrust and efficiency during engine run (Tab- 
bing or Micing). 

ALSO functionally checks aircraft Over- 
Heat Detectors and Wing Anti-Ice Systems 
(thermal switch and continuous wire) by 
using Tempcat Probes... Rapid heat rise .. .« 
3 minutes to 800°F! Fast cycling time of 
thermal switches . . . 4 to 5 complete cycles 
per minute for bench checking in production. 


Ba H INSTRUMENT Co., INC. 
3479 West Vickery Blvd. * Fort Worth 7, Texas 


Sales-Engineering Offices: 


je eoeeeoeee2 e282 22822202 @ 


RE ne itn. 


CIRCLE 3 ON PAGE 48 FOR MORE INFORMATION 


Tests EGT System Accuracy to 
+4°C at Test Temperature 


(functionally, without running the engine) 


Tests RPM Accuracy to 10 RPM 
in 10,000 RPM (0.1%) 


The JETCAL is in worldwide use .. . by the 
U.S. Navy and Air Force as well as by major 
aircrajt and engine manufacturers. Write, 
wire or phone jor complete information, 
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VALLEY STREAM, NN. Y.: 108 So. Franklin, LO 1-9220 © DAYTON, OHIO: 209 Commercial Bidg., MI 4563 ® EL SEGUNDO, CAL.: 427 E. Grand Ave., EA 2-1644 





Letters 


Please send all letters to the editor to our 

editorial offices, 77 South St., Stamford, Conn. 
Correspondents should include their titles and 
company names. However, names will be withheld 
on request. 


See Here, Mr. Alsop! 
NEw YorK, N. Y. 

It seems unfortunate that a journalist 
of Mr. Alsop’s perception should, in 
matters of science, show himself to be 
as naive as the next man who, in his 
education, has succeeded in steering 
clear of any contact with the natural 
sciences. The result is that while appear- 
ing to make a very good point in stress- 
ing the anti-scientific, pro-gadgeteering 
mentality of our Department of Defense, 
ably led in this respect by Secretary 
Wilson, he actually misses it by showing 
how far he is from a real understanding 
of the issues involved. 

(In his column in the N. Y. Herald 
Tribune on April 17, 1957, Stewart 
Alsop cited as an example of “basic re- 
search” the discovery of Dr. Mac Van 
Valkenberg that pellets traveling at 
8500 miles an hour or more do not pene- 
trate deeply into a wax target but ex- 
plode and disintegrate on impact.—Ed.) 

Mr. Alsop’s example of a “basic” re- 
search problem is neither very basic nor 
particularly exciting. It seems to be of 
the type of research project which, since 
something is shot at something else, is 
attractive to the military research ad- 
ministrator and therefore most likely to 
be supported. Nor are the results that 
are so breathlessly reported by Mr. 
Alsop unexpected to the research worker 
familiar with the particular field: the 
velocity effects in the mechanical re- 
sponse of materials are reasonably well 
known and a sharp transition between 
the phenomena of penetration of the 
“target” on the one hand, and disin- 
tegration by impact of the plastic “shell” 
on the other, has most likely been ex- 
pected by the University of Utah scien- 
tist before starting his experiments. 
The “magic” figure of 8600 miles per 
hour can be “magic” only to a very naive 
soul; a minimum understanding of what 
is involved would have made Mr. Alsop 
understand that even by slightly chang- 
ing the size of the plastic pellet alone 
this figure will necessarily change. 

Now, it is certainly no reflection on 
Mr. Alsop’s qualification as one of our 
most clear-headed political journalists 
that he fails to grasp the facts involved 
in a simple, rather routine type of ex- 
periment. But why does he write about 
it so breathlessly and attempt to prove 
a perfectly good point by the wrong 
argument? 

Our Defense Department is run by a 
mixture of “practical business men” and 
men with “military minds”. To men of 


this type any new thought is automati- 
cally “nonsense”. They would not be 
what they are, if it were otherwise. If, 
for instance, they had been in charge of 
directing physical research, they would 
certainly not have been able to see the 
necessity of any research in nuclear 
physics and would probably have sent 
Professor Niels Bohr to the psychiatrist 
if he had tried to convince them 20 years 
ago that such research should be sup- 
ported by their organizations. 

Fortunately, they have not been in 
charge; moreover, we are not alone and 
we have no monopoly on shortsighted- 
ness. The “military mind” is quite in- 
ternational. In fact it is quite likely 
that we are better off than other nations, 
because the strong influence of the 
“business mind” in our military estab- 
lishment is a moderating factor being, 
in general, less rigid and (perhaps with 
the exception of Mr. Wilson) less arro- 
gant than the “military mind” or the 
mind of the “party boss” of whatever 
denomination. In the long history of 
relations between the scientist and the 
“military mind” in all nations we have 
probably established a record of co- 
operation, in spite of numerous exam- 
ples to the contrary. What then is the 
problem? 

It is not that Mr. Wilson is not inter- 
ested in finding out “why the grass is 
green”? This is really none of his busi- 
ness, unless he happens to have a mili- 
tary problem of camouflage on his 
hands. The problem appears to be that 
the order of magnitude of the funds 
involved has become fantastic and that 
the Defense Department has practically 
monopolized the funds available for re- 
search in general, without, at the same 
time, being made aware of this fact by 
Congress, without being specifically told 
that the support of basic research is an 
important part of its obligation. As 
long as the Defense Department itself 
has to decide how to divide its “re- 
search” funds between development, re- 
search of immediate military utility, 
research of long-range utility and 
“basic” (meaning research the use of 
which the “military” and “business” 
mind is unable to grasp), it is surpris- 
ing that so much of this money finds its 
way to support research of a more basic 
character, probably only because some 
of the military research administrators 
are scientists who find ways to camou- 
flage some basic problems under the 
guise of “applied research”. 

The fault is not with Mr. Wilson, or 


any Secretary before or after him. The 
fault is with Congress, the fault is with 
Mr. Alsop and other journalists who 
have the public ear, for having faile 
to understand that scientific research ip 
our society has a right of existence of 
its own, independent of its potentia) 
use, present or future, for any military 
or other purpose. Why should it be sup. 
ported by the Defense Department 
rather than by an agency administered 
by qualified men? There is no reason tp 
blame the Defense Department officials; 
no scientist in their position could prob. 
ably do better or as well even if he 
were interested in trying. Why not 
blame ourselves for expecting them to 
do the things which are none of their 
business, simply because we have failed 
to grasp the problem and to provide the 
means for its effective solution. 
A. M. FREUDENTHAL 
PROFESSOR OF CIVIL ENGINEERING 
COLUMBIA UNIVERSITY 


Tips From Readers 
SCRANTON, Pa. 

I note in your April issue that my 
former colleague, Mr. H.A. Mereness is 
looking for a means of measuring small 
areas. The following is suggested as a 
procedure of reasonable precision. 

Take an ordinary lecture type pr- 
jector of the kind used for slides, 
pamphlets, etc. Place the sample on the 
platform used for reflective projection 
and throw the image on the usual 
screen. A planimeter measurement of 
the image may then be made. 

To obtain the factor of magnification 
and avoid distortion, the sample may 
be laid on a grid of known dimensions 
such as millimeter graph paper. If this 
is not feasible, a reticle with a known 
grid, such as a Whipple disk, may b 
used in the projector lens system. 

W.J. HART 
TECHNICAL DIRECTOR 
THE JAUNTY Fasric Corr, 


ee ee 


POTTSTOWN, PA. 
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In the fabrication of large reflectors 
for solar furnaces I have been enter-| 
taining an idea similar to the “concave 
plastic drumhead” of Mr. R.B. Dean) 

I would propose an_ inflated lens) 
shaped reflector of transparent plastic 
having one of the inner surfaces coated 
with a reflecting material. The balloo 
could be suspended by springs within 
a ring and the focal length adjusted 
by controlling the volume of pressure 
of air in the bag. 

Of course, this sort of reflector would 


not have optical qualities but ought to . 


be good enough to concentrate sunlight 
WILLIAM A. PETROSKY 

RESEARCH ENGINES 

KAWECKI CHEMICAL 00} 
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NuTLEY, N.J. 

In reference to a letter from R.B. 
Dean of the Borden Company, which 
ypeared in the April issue of R/E, 
[suggest that Mr. Dean contact Mr. 
WS. Pajes of 686 West 186th Street, 
New York City for further information 
mrsuant to his inquiries. 

Mr. Pajes has a patent application 
ind a two foot model of a plastic elastic 
mflector such as Mr. Dean refers to. 

We have examined Mr. Pajes’ model 
md found that the reflector’s elastic 
mmbrane corresponded very closely 
» parabolic template. 

It is not readily apparent, however, 
thether this holds true for large size 
mrabolic reflectors, since the weight 
ii the membrane would probably have 
wme effect on the curve. 

A.J. LOMBARDI 
PROJECT ENGINEER 
FEDERAL TELECOMMUNICATION LAB. 


Yeas and Nays 


CINCINNATI, OHIO 

A bouquet of camels’ hair brushes to 

pur artist, whose illustrations of your 

ticles provide the finishing touch to 

i great publication. How about a bio- 

maphical sketch on this person whose 

mour matches his imagination and 
kill? 

W.H. BREUNIG 

THE BALDWIN PIANO Co. 


Recipient of this hirsute offering is 
VE’s Art Director, Paul Arlt, free-lance 
wtist and cartoonist. His work has ap- 
wared in Fortune, Harper’s Magazine, 
Yewsweck and other publications. A 
Yew York City boy by birth, Paul now 
ines in rural New Canaan, Conn., with 
is wife and teen-age daughter. —Ed. 


ROCHESTER, N.Y. 

I have enjoyed “The Klugemacher’s 

lilemma” so much that I just had to 

mite and tell you how glad I am you 

wried it. I hope that you will go on 
“write more of the same. 

RICHARD D. BOUTROS, V.P. 

DIRECTOR OF ENGINEERING 

MIXING EQUIPMENT Co., INC. 


MIDLAND, MICHIGAN 
Referring to Dr. Seaton’s letter in 
4pril R/E, on the subject of promotion 
f engineers into management, I give 
%. What is the “prime characteristic 


wt engineering” which is possessed by 


8s than one man in four.” Also, what 

the “thirty-five other character- 
sties”” 9 

R.E. GREENHALGH 

PROJECT ENGINEER 

Dow CORNING CorP. 
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Technical Writing 


CAMDEN, N.J. 


Your article on “Authorship & Com- 
pany Policy” (April 1957 issue) was 
timely and interesting. I would like to 
suggest that another factor in the ap- 
parent de-emphasis on publishing might 
be recent trends in governmental and 
judicial patent policies which seem to 
place a premium on secrecy in research, 
and on the quickie, slightly-improved 
product which catches its share of the 
market and is almost immediately 
superseded. See DUN’S REVIEW, 
April 1957, pg. 52. 

CHARLES H. CHANDLER 
RADIO CoRP. OF AMERICA 


nical editors” 
science.” 





WILMINGTON, DELAWARE 
Just finished reading the 
“Authorship and Company Policy” in 
the April 1957 issue of your magazine. 
I enjoyed the item, but shuddered at 
the statement in the first line of page 
32: “These men, usually amateurs in 
science, are specialists in language.” 
Heaven preserve us from the “tech- 
“amateurs in 
the technical 
editor should have a broader back- 
ground in science than some of his more 
specialized colleagues. 
R.E. SPEERS, Eprror 
ENGINEERING DEPARTMENT 
EXPERIMENTAL STATION 

E.I. pbU PONT DE NeMouRS & Co. 


who are 
If anything, 





CENCO 





Ask for Bulletin No. 9. 








HIGH VACUUM PUMPS 


Quiet...Low Vibration...Compact...Dependable... 
: ea High Pumping Speed...Wide Range of Capacities 


r ty They’re new . . . completely redesigned 
, for greater efficiency . . 
working parts and are made to precision 
tolerances. For any application where 


. have fewer 


high speed, high vacuum is re- 
quired there’sa Cenco High Vac- 
uum Pump to meet your needs. 


HYVAC 2—No. 913065-1, 60 
cy. 115 v. with motor and 
base, $175.00. 


Produces a free air displacement 
of 20 liters per minute. Reaches 
a guaranteed pressure of 0.1 
micron. 


HYVAC 7—No. 91505-1, 6O 
cy. 115/230 v. with motor and 
base, $275.00. No. 91506-1 
(with Gas Ballast Control) 
$285.00. 


Produces a free air displacement 
of 70 liters per minute and 
reaches a guaranteed pressure 
of 0.1 micron. Ratio of pumping 
speed at 1 micron to that of 
atmospheric pressure is 45%. 
Available with or without gas 
ballast control. 


HYVAC 14—No. 91705-1, 6O 
cy. 115/230 v. with gas ballast 
control, motor and base, 
$350.00. 


Achieves a free air displacement 
of 140 liters per minute and at- 
tains a guaranteed pressure of 
0.1 micron. 


CENTRAL SCIENTIFIC COMPANY 


General Offices and Factory— 1734 Irving Park Road + Chicago 13, Winois 





Branches and W 


Refinery Supply 
Central Scientific Co. of 








de, N. J. e Boston « Birmingham 
geles 


Central Scientific Co. of California—Santa Clara « Los An 
Company—Tulsa « Houston 
nada, Ltd.—Toronto « Montreal « Vancouver « Ottawa 
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Versatile Material from Glass 


A new family of basic materials, 
harder than high carbon steel, lighter 
than aluminum and up to nine times 
stronger than plate glass, has been 
developed by Corning Glass Works. 
Bearing the name Pyroceram, the 
product according to Corning re- 
searchers represents one of the great- 
est technological advances in glass 
research since the discovery of heat- 
resistant borosilicate glass early in 
the Twentieth Century. By a new 
manufacturing process, noncrystalline 
glass is turned into a hard, non-porous 
crystalline material. 

Certain types of Pyroceram keep 
their strength at temperatures as high 
as 1800°F., according to Dr. William 
H. Armistead, company vice president 
and director of the research and de- 
velopment division. 

“Unlike most high-strength, high. 
temperature crystalline materials,” 
said Dr. Armistead, “Pyroceram has 
great flexibility in forming. It can be 
made into large or complex shapes by 
any of the known glass forming tech- 
niques.” 

At a press conference announcing 
the new development Corning’s presi- 
dent William C. Decker pointed out 
the wide variety of end products that 
could come from the new family of 
materials. One of the first uses will 
be for radomes, or nose cones, for 
guided missiles. 

“It is doubtful whether there is any 
other material which meets the speci- 
fications of the radome with regard 
to strength, hardness, temperature re- 
sistance and dielectric properties,” 
Mr. Decker said. “Also, in the case of 
the new airplanes flying at super- 
sonic speed, Pyroceram can bring the 
desired properties of resistance to 
high temperatures and great strength 
to plane areas where such properties 
are essential.” 

Although the new material has only 
been produced in pilot plant quanti- 
ties to date, Mr. Decker pointed out 
that certain cost advantages are ap- 


Hy DEVELOPMENTS 


parent to their development engineers. 
While more expensive than glass, 
Pyroceram is expected to be much less 
costly than stainless steel. The Corn- 
ing presideat noted two cost advan- 
tages for the new material: the batch 
materials are not costly, and Pyro- 
ceram can be shaped while molten by 
regular glass making processes. 

Besides its military and aeronau- 
tical applications, Mr. Decker antici- 
pated that Pyroceram would find a 
place in architecture, especially for 
curtain walls, in the chemical and oil 
refining industries, and even in the 
home, for such items as kitchen range 
tops. 

Invented by Dr. F. Donald Stookey, 
manager of the company’s funda- 
mental chemical research department, 
the new materials are melted and 
formed like glass, with each batch 
containing one or more nucleating 
agents. Subsequent heat treatments 
cause the nucleating agents to form 
billions of submicroscopic crystallites. 
Pyroceram can be made opaque or it 
can be transparent. 


Girding for Increased Automation 


Congress must squarely face the 
fact that automation is essential to 
our domestic economy and national 
defense and that there are inade- 
quacies in our instrumentation pro- 
gram due to _ insufficiently-trained 
and thinly-educated manpower. Testi- 
mony stressing the urgency of the 
situation has been laid before the 
Subcommittee on Economic Stabiliza- 
tion of the Joint Economic Committee 
of Congress by Robert T. Sheen, 1956 
president of the Instrument Society 
of America, and a corps of distin- 
guished technical men from key in- 
dustries. 

Four specific needs mmust be met, 
Mr. Sheen testified, to correct the 
present situation. 

1. Education of the current work 
force. 

2. More engineering and _ science 
graduates. 





3. Increased availability of instrv- 
mentation services. 

4. Broader communications. 

“The greatest and most urgent 
need,” Mr. Sheen said, “is for an 
education of our current work force 
—for the workers now in industry. 
Technical institutes and _ vocational 
high schools either are not aware or 
do not have facilities or staff to train 
the great host of sub-professional 
personnel required.” Yet it is im- 
perative, he noted, that designers of 
machinery and processes “keep up 
with the advances of fundamental 
and applied knowledge in the auto- 
mation field.” 

To satisfy the four 
needs, the ISA president suggested a 
broad program that would include 
improvement of curricula and train- 
ing of high school teachers, develop- 
ment of institutes for vocational 
training, establishment of collegiate 
engineering extension services, and 
effective use of military training for 
industrial occupations. He _ also 
recommended 
programs 
Foundation and the Foundation for 
Instrumentation Education and Re 
search, a more active role by the 
National 
communication of information, and 


ation. 


Thoughts on Thinking 


Can engineers be taught to think 
more creatively? If so, just what dis- 
ciplines and procedures lead to cre 
ative thinking? Also, what is the 
nature of creative thinking? 

New light on these questions las 
month came out of a Seminar o% 
Creative Engineering sponsored by 
the Industrial Education Institute and 
conducted by two engineers of the 
General Electric Company, David L. 
Purdy, Manager of GE’s Engineering 
Program Courses, and Perry R. Ma- 
son, Supervisor and Development 
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Engineer, Creative Engineering Pro- 
gam. The talks were based on an 
ducational program which has been 
enducted by GE for the past 20 
year's. 

Deliberately sidestepping the ques- 
tion whether creative ability is innate, 
and how much of it a given individual 
has, Mr. Purdy disclosed that General 
Electric in its Creative Engineering 
Program had developed a procedure 
for helping individuals to utilize their 
weativity to maximum capacity. 

The two GE engineers’ outline for 
weative thinking, which they equated 
petty much with problem solving, 


HZ involved a series of nine steps: 1) 


Problem recognition; 2) Definition; 
3) Search for solutions; 4) Organiza- 


| tion of ideas; 5) Evaluation; 6) Selec- 


tion; 7) Demonstration; 8) Presen- 
ation; and 9) Execution. Although 
itmight be argued that the last three 
w even four steps are not truly 
‘reative”, this chronological pro- 
vedure has proven of great value to 
General Electric in its search for new 
ideas and Purdy and Mason, in a set 
if examples, demonstrated how it can 
used to solve a wide variety of 
teehnical problems. 

Of paramount importance is the 


Sneed to recognize and carefully define 


ind delineate the problem itself. With- 


suit knowing what we are looking for, 
itis obvious that no solution can be 
Huequate. Though this is simplicity 
Hiself, many engineers fall into the 


abit of not sufficiently scrutinizing 
id defining the problems they are 


Halled upon to solve. 


Another pitfall of educated special- 


Hiss is to scrimp on the search and 
Stigination of new ideas. All of us 


wing basically lazy, it is a normal 


Hiendency to follow mental avenues of 


the past, excluding the unusual, the 
lr-fetched, the fantastic—out of 
vhich often come solutions to prob- 
ems. In discussing the elements of 
weative thinking, Mr. Purdy urged 


@ that a number of hypothetical solu- 


tons be uncovered before any at- 
mpt is made at their evaluation. 

“It is common practice,” he noted, 
‘w hypothesize or originate one pos- 


|%ble solution and to continue through 


%a complete solution without further 
rigination—this single purposeness 
iften resulting in products or pro- 
“ses which do not withstand the 
uffeting of competition.” 

The Seminar on Creative Engineer- 
ag, one of a series being sponsored 
y the Industrial Education Institute, 
rent into all aspects of helping en- 


Btineers to be “more skillful in the 
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KINNEY SPANS THE WHOLE SUBJECT 
OF HIGH VACUUM... 


With the most extensive [ne of 
High Vacuum Pumps in the world, 
KINNEY encompasses the needs of 
laboratory, pilot plant and full scale 
production. The heart of your High 
Vacuum system is, obviously, the 
Pump ... and it is certainly true 
that the performance of your system 
is definitely circumscribed by the 
capabilities of the Pump you select. 
The significance of the KINNEY name 
and KINNEY performance in High 
Vacuum work cannot be overempha- 
sized. 


What is true of KINNEY High Vacu- 
um Pumps is also true of KINNEY 
High Vacuum Components and 
KINNEY-engineered Complete High 
Vacuum Systems. As the circle of 
High Vacuum technology widens, 


embracing more and more industries, 
the more important becomes the 
“know-how” and experience of KIN- 
NEY engineering. 


Name a High Vacuum System... 
KINNEY equipment offers plus fac- 
tors beyond the specifications! Vacu- 
um Furnaces, Ovens, Evaporators, 
Electronic Tube Evacuators and 
Aluminizers, High Vacuum Siills, 
Evacuators for Refrigeration and Air 
Conditioning, and ultra-High Vacuum 
for Nucleonics ... KINNEY provides 
equipment of advanced design and 
interesting economy features. 


What's your probler? If you're look- 
ing for answers in High Vacuum— 
drop your slide rule and pick up the 
‘phone! Call the KINNEY sales office 
nearest you. 


MEN NE Vues. orvision 


THE NEW YORK AIR BRAKE COMPANY 


WRITE: 


KINNEY Bulletin 
No. 425A and full 
information on 


3642F WASHINGTON STREET 
Kindly send me copy of Bulletin 425A describing 
wanton v Bateeiae | KINNEY High Vacuum Pumps. We are also inter- 
ested in Systems to 


BOSTON 30 + MASS. 


} . 
_ 
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TYPICAL RECEIVER 





BRISTOL remote 
positioning system has 
inherent fail-safety 


The new Bristol Model 702 Remote Posi- 
tioning System offers the biggest selection 
of components and options available in 
any similar system. 

It’s ideal for airborne applications like 
power plant control, secondary flight-con- 
trol surfaces, propeller pitch control, valve 
operation, and nose-wheel steering, and 
also for ground uses like engine test cell 
controls and remote manipulation of ap- 
paratus in radioactive locations. 

High basic reliability, built-in. 

inherent fail-safety, built-in. 

Accuracy is independent of load. 

Rotary or linear input, output. Any com- 
bination. 

Wide variety of options. 

Write for complete data. The Bristol 
Company, 146 Bristol Road, Waterbury 
20, Conn. 7.10 


B R i STO L Automatic Controls 


Recorders + Telemeters + Socket Screws 
Choppers and High-speed Relays « Aircraft 
Pressure-operated Devices 
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use of their imagination and ingenu- 
ity.”” The 150 technical managers at- 
tending the morning and afternoon 
sessions were asked to solve certain 
illustrative problems; and their pro- 
cedures, ideas and solutions were then 
discussed in relation to the concepts 
evolved under the GE program. 


Spiraling Market for Transistors 


Use of germanium and_ silicon 
transistors will extend into practically 
every phase of American life during 
the next few years. The tiny elec- 
tronic devices, which perform many 
of the functions of vacuum tubes, al- 
ready have found a secure position 
in military equipment, commercial and 
industrial uses, and in consumer goods 
such as transistorized radios. Appli- 
cations of the near future will include 
missile receivers, navigational radars, 
fire control equipment, flight control 
systems and autopilots. 

Consumer applications will involve 
everything from the family car to 
children’s realistic toys. An example 
is the transistorized fuel injection 
system, which some automotive ex- 
perts believe will obsolete today’s 
carburetor fuel injection systems in 
passenger cars and trucks within a 
few years. A suggested toy envisions 
a small, transistorized piano that 
would play through the radio, giving 
the diminutive piano a sound com- 
parable to the real thing. 

Production of transistors for mili- 
tary, industrial, commercial and home 
entertainment uses is expected to 
reach 125 million units in 1959, as 
compared with the 26 million units 
anticipated for this year, according to 
William J. Peltz, vice president and 
general manager of Philco Corpora- 
tion’s Lansdale Tube Company Di- 
vision. Mr. Peltz based his forecast 
on a recently-released market survey 
made for Philco by the Stanford 
Research Institute, in which 80 com- 
panies in the electronic field cooper- 
ated. Estimates resulted from actual 
production potentials of these com- 
panies and foreseeable needs. 


“The dynamic nature of the tran- 
sistor business,” Mr. Peltz said, “will 
require continual updating and re- 
evaluation of the markets for these 
devices.” He noted that the Stanford 
figures rely on markets that exist 
today and uses which will be develop- 
ed and in production by 1959 and do 
not represent the potential of new 
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applications that have not been fully 
developed or whose need has not ye 
been explored. 


As between germanium and silicon 
transistors, the Stanford report ip. 
dicates that germanium has the high. 
er growth rate today but that by 
1959 the picture will be substantially 
altered. For example, the military js 
expected to need some 5 million ger. 
manium transistors in 1957, and ip 
1959, close to 27 million. Military use 
of silicon transistors will be about 2) 
million units for the current year, but 
will jump to more than 18 million 
units by 1959. 


Noting the wide variety of new 
markets earmarked for transistors, 
the report states that “this industry! 
is leaving the infant category and is 
becoming a fast-growing adolescent, 
Sudden and unanticipated expansions 
are the rule rather than the exception 
. Just how dramatically the 
transistor market will grow depends 
largely on price and the success in 
building transistors that will meet 
increasingly stringent technical re 


quirements.” ) 
. 





Utilization Research Urged 


A greatly increased research pro 
gram aimed at the further industrial 
use of a wide variety of farm prod-| 
ucts has been recommended by 3) 
bi-partisan commission set up by! 
President Eisenhower last year. In 
an interim report recently presented 
to Congress, various research pro 
jects that would convert surplus 
crops into plastics, coatings, paper 
board and chemicals are detailed. 
Recommended is “a comprehensive 
program for research, process devel 
opment, pilot-scale tests, market study, 
trial commercialization, and educt 
tional work” that would cost at least 
three times the $16,145,000 being 
spent by the Federal Government for 
utilization research during the cur 
rent fiscal year. 


Polluting the Atmosphere 


The recurring controversy as % 
whether nuclear explosions and indus 
trial smoke affect weather conditions 
came into the spotlight again late 2 
April, when Dr. Ross Gunn, director 
of physical research for the U. 5. 








Weather Bureau, spoke at the Sth 
annual meeting of the National 
(Continued on page 4) 
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Cost Less ! 


A new method for using 2-Amino- acteristics of the AMP-ammonia 
2-methyl-l-propanol in floor wax formulations such as shelf-life, 
emulsions, developed by CSC’s freeze-thaw resistance, leveling, 
Research Department, has opened and gloss were fully equal to the 
the way for a greatly improved best commercial formulations. 


product. The new method consists 
of slightly reducing the AMP con- Proved By Performance Tests 


tent and incorporating aque aa In a series of tests, the new AMP- 
monia. The result: wax with ex- ammonia formulation attained 
cellent water resistance which “excellent water resistance” in 
develops very rapidly after the less than two-thirds the time re- 
wax film is laid down. quired, and at one-third the cost 
In addition to the rapid develop- for amine when compared with a 
ment of water resistance with the typical formulation using mor- 
new AMP-ammonia formulations, pholine. Anew technical datasheet 
considerable savings in costs may describing these and other tests 
be expected since less AMP is re- made with typical commercial for- 
quired. Other performance char- mulations is available on request. 





DISCOVER TH PARAFFINS! 





INDUSTRIAL CHEMICALS DEPARTMENT 


COMMERCIAL SOLVENTS CORPORATION 


260 MADISON AVE., NEW YORK 16, N. Y. 








aS 


94th 
jonal 
56) 


Boston * Chicago « Cincinnati « Cleveland *« Detroit + Houston *« Indianapolis * Kansas City * Los Angeles 
Louisville * Memphis * Milwaukee « New Orleans *« New York « Pittsburgh + St. louis * San Francisco 
IN CANADA: Reliance Chemicals, Ltd., Montreal. IN MEXICO: Comsoimex, S. A., Mexico 11, D. F. 
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TECHNICAL MANAGEMENT 


Merritt A. Williamson 


While Dr. 


sylvania State University. 


Williamson is vacationing, his 
column this month is taken over by an asso- 
ciate, Arnold Addison, Personnel Director, 
Ordnance Research Laboratory, The Penn- 


Carne 
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ARE ENGINEERS REALLY DIFFERENT? 


At the present time, because of a 
serious shortage of engineering man- 
power, we have been concentrating 
our efforts on getting our share of 
such manpower, while at the same 
time analyzing all our actions in 
terms of holding what engineering 
manpower we have. Such a program 
is essential, but we must guard 
against any over emphasis at the ex- 
pense of other groups in our organiza- 
tion. 

Recent surveys and magazine arti- 
cles give us a keen insight as to what 
the engineer expects from his em- 
ployer. In essence, engineers are no 
different from other people—they all 
have opinions on how things should 
be done. The difference is that en- 
gineers can use the slide rule to prove 
their points. 


Attitudes toward Personnel 


Generally speaking, engineers ex- 
hibit two distinct attitudes in rela- 
tion to personnel administration. 
First, there are those who just do 
not care, so long as what you do does 
not interfere too much with their 
lives as scientists. Such engineers are 
happy to have someone else handle 
personnel details, which would only 
clutter up their lives if they had to 
take care of them. From these men 
I have had such back-handed compli- 
ments as, “You are the least obnoxious 
extrovert I have ever known,” and 
“You have a most difficult job, with 
many problems. I’m so glad you are 
here to take care of them for me.” 

In a second category are engineers 
who make it a point to become au- 
thorities on all subjects, including 
personnel administration. Such men 
are not sympathetic to personnel de- 
partments or programs. Not that they 
would prefer to work out personnel 
practices and procedures themselves, 
but they will not accept the fact that 


i0 


these things might better be done by 
personnel professionals. 

A personnel director does not suc- 
cessfully fight this attitude, for too 
often we are outnumbered. The order 
of the day is to outmaneuver. This is 
done by planting the seed in the 
scientific mind, permitting sufficient 
time for germination, fertilizing by 
frequent reference to keep the seed 
alive, and finally by being perfectly 
astonished and pleased that the seed 
you planted bears fruit in the form 
of a proposal by the engineer for a 
new or better personnel procedure or 
practice. 


Engineers Must Be Sold 


For the most part the difference 
between engineers and non-profes- 
sional workers rests on working 
habits. Both in college and later in 
his professional life, the engineer has 
been trained to check and double 
check all the data he uses. This means 
that he will not accept what we in 
personnel offer until he has followed 
his scientific approach to make sure 
he is not just being “sold a bill of 
goods”. However, as Peter Drucker 
has pointed out, (in Harvard Busi- 
ness Review, May 1952) this does not 
mean that this professional man 
should be tagged as an individualist, 
since quite often he is quite capable 
of working as a member of a team. 
But it has been pointed out that he 
may not take kindly to modern 
organization. He may insist on hav- 
ing complete control of the entire job. 

Too often we put the engineer in 
the category of a “problem child” 
who is forever in need of some type 
of corrective institution. Over ten 
years ago we talked about foremen 
as the “forgotten men” of manage- 
ment. Then followed packaged train- 
ing programs, too often patterned 
after what some other organization 


which 
conferences was supposed to bring | 
the foremen up-to-date and place a 
wreath on his head at the same time. 
Not too long after this we talked 


found successful, in fifteen 


about “middle management” being 
the forgotten personnel. For the last 
several years we have been busily 
engaged in analyzing the engineer to 
the point that we may have created 
a monster in the eyes of top manage- 


ment. It isn’t fair to top manage 


ment or the engineer. 


Today’s Problem Child 


Let’s look for a moment at the 
engineer in his work situation. It has 
been said the engineer takes a dim 
view of the so-called administrative 













processes. He may dislike his super: | 


vision, preferring a senior-junior re 
lationship to supervisor-subordinate 
relationship. He may even dislike the 
red tape necessary in an industrial, 
governmental, or university organiza- 
tion. Some of his ideas in these mat- 
ters may well be worth considering in 
the interest of streamlining relation- 
ships and practices within a given 
organization. 

On this point, is the engineer dif- 
ferent than any other worker? Not 
all supervisors would win popularity 
contests. Are foremen more symp 
thetic to the red tape procedures that 
most organizations have? As for the 
rank and file worker, is he one to bk 
excluded from the groups that have 
prejudices against supervision? 

Workers, professional or non-pre 
fessional have their prejudices. Some 


thing can be done about them whe J 


they are known. The approach to each 
group might be slightly different, but 
the method of approach does not 








a 





necessarily mean that engineers af | 


different from other groups. 


(Continued on page 12) 
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2 : Uncluttered work surface made 
= » ~ possible by new combination 
——~ wa = plug and receptacle . .. keeps 

>* output wires away from con- 
trol point. 


1.0 ampere, 125 VAC fuse in 
output brush lead is housed in 
plug-receptacie. Easily re- 
placed. 


Compact, light-weight, port- 
m. able assembly. Only 342” 
© high, 3¥%2” diameter. 



















INPUT: 120 volts, 60 cycles, single phase 
OUTPUT: 0-132 volts, 1.0 amperes, 132 VA 
You'll find POWERSTAT type 2PF10 is ideal for Like all POWERSTATS, it is a toroidal wound auto- 


laboratory, inspection, classroom and many other transformer with a movable brush-tap. It produces 
uses where low wattages of 50, 100 and 130 watts are continuously-adjustable output voltage from a-c 




















required. Use it as the voltage control of small motors, power sources with maximum efficiency. It runs cool. 
heaters, centrifuges, mixers and test apparatus. . . You only pay for the power you use. Size: 3%” high, 
as the control of light sources in optical equipment. 3%” diameter. Send coupon for more facts. 
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ransformer TYPE 2PF1IO 


a precision product of 


THE SUPERIOR ELECTRIC company 
1806 Bradley Avenve, Bristol, Connecticut 


Please send data sheet on POWERSTAT type 2PF10 (} 
aa eA IEEELOP —eeee Send POWERSTAT Bulletin showing all types (_) 
| | "— Have your representative call — 
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SUPERIOR ELECTRIC'S 
Mobile Display 
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(Cont. from p. 10) 


Desire for Professional Recognition 


Perhaps the greatest single gripe 
the engineer has is related to his 
desire for professional recognition, 
both inside and outside of the organ- 
ization. This gripe is no different 
than one would expect to find from 
a foreman or a worker. The foreman 
expects that with effort on his part 
he may expect to obtain a super- 
visory position at a higher level, while 
at the same time the worker wants 
to feel he too can move up to a fore- 
man’s position. The degree of recog- 
nition may differ, but the basic re- 
quirement of being recognized for 
what one accomplishes is inherent in 
most of us. 

The engineer’s quest for the “right” 
work assignment makes him no dif- 
ferent from others who work for a 
living. We cannot expect an engineer 





to be any happier doing a technician’s 
work than we can expect a tool and 
die maker to be happy as a third class 
machinist. Many corrective measures 
have been taken to assure that en- 
gineers are used on strictly engineer- 
ing jobs. The fact that the engineer 
has insisted that this adjustment be 
made makes him no different than 
other types of workers who insist 
they be used at their highest skills. 
In a rather extensive survey en- 


titled, “How to Attract and Hold 
Engineering Talent” prepared by 
Professional Engineers Conference 


Board for Industry in cooperation 
with the National Society of Pro- 
fessional Engineers, it was empha- 
sized that the engineer wants security, 
opportunities for advancement, and 
a sense of achievement. 

According to this survey it is im- 
portant for us to realize that many 
of the engineers coming into the pro- 
fession today are children of the great 
depression of the “thirties”. Many of 
them still remember its dislocations 
and effects, perhaps on their own 
families, and they want a safe niche 
for themselves in industry. We are 
faced with the same problems with 









HEVI-DUTY 
“MULTIPLE UNIT” 
TUBE 
FURNACES 






Two Maximum Temperature 
Ranges to choose from 
1850°F and 2200°F 










HINGED or 
SOLID TYPES 





In each range long life ‘Multiple Unit" 
brand heating units offer fast heat up be- 
cause the heat is radiated directly into the 
heating chamber. The heating length may 
be divided for zone temperature control. 
These Hevi-Duty Furnaces are available in 
a wide range of diameters and lengths. 
Many sizes are in stock. Special sizes made 
to your specifications for horizontal or 
vertical operation, up to 12” diameters. 








See your Laboratory Supply Dealer or write for Bulletin Lab. 552 


HEVI-DUTY ELECT 


Ric COMPANY 





LABORATORY FURNACES MULTIPLE UNIT electric Exctusivey 





MILWAUKEE 1, WISCONSIN 
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non-engineering groups, for as Scot 











Clothier and Spriegel state in thei peri 





book, Personnel Management, “With 


the increased urbanization of » 














country and the prolonged depression=* 





of the thirties still lurking in 
minds of most workers the desi 


for security occupies a prominentif’ 


place in the hopes of our people.” 


Advancement Opportunities 


for security, opportunities for ad. 
vancement, and the desire to feel a 


sense of achievement for they are all 
closely knitted together. It is most u-¥ 


realistic to consider that the engineer 
is more concerned with such matters 


than workers in any other group. The} 


definition of security is to be consid- 
ered in the broadest sense, for it 
should include security for opportunity, 
Security is therefore unquestionably 


linked with opportunities for advance-| 


ment, following which the much 
needed desire for a sense of achieve 
ment can be fulfilled. 

Nor can we see a difference be 
tween the desires of the engineer 
and others on these points. Unies 
our programs are geared to fulfil 
these desires for security of oppor 
tunity, so all concerned may feel 3 


sense of achievement, we can expect, 


morale problems. This has beam 
summed up by Scott, Clothier and 


Spriegel in the statement, “A feeling §; 


on the part of workers that loyal and 


meritorious service will be recognized | 


provides a strong incentive to posi 
tive action. Nothing will destroy this 
confidence quicker than nepotism, it- 
ternal politics, or any type of favorit 
ism,” 


Three Personnel Considerations 


Regardless of the classification 
those who work, personnel peopl 
must be concerned with three factors 
if we expect to have satisfied a 
ployees in our organizations. Thex 
factors are applied equally to mem 
bers of top management and the rank 
and file worker. In the first place, ¥ 
must be in a position to know am 
concern ourselves with the individual’ 
ability, Secondly, we must know whit 
his interests are. Thirdly, we mus 
know what opportunities are aval 
able in our organizations which will 
permit the effective utilization of t 
individuals ability and the fulfillment 
of his interests. If we expect to havé 


in our employ an effective satisiel) 


worker, we must find the balance of 
these three factors. Admittedly, this® 
not an easy task, but our approach § 








It is difficult to separate the desir : 
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ite similar whether we are con 
Hering the rank and file worker or 
engineer. There is little difference. 
Outside of the work situation, the 
wineer is no different from anyone 
x, His interests may differ slightly, 


as Scot 
in thei 
J 7 

'» i 
of ou 
pressioy 











> et basically he acts like anyone else. 
i usually is, or aspires to be, a 
ae wme owner. When he is, he will 


end an abundance of time making 
s home and its grounds most pre- 
_ igatable. He is interested in his com- 
e desire nity, and wherever and whenever 
for ad- msible will make a contribution to 
feel al nmunity life. You may find him on 
are all joo) boards, volunteer fire depart- 
10st Ut-Baents, Boy Scout Councils and other 
ngineer Eommunity committees. He is usually 
matters, member in good standing in his 
ip. The} jurch. In brief, the engineer takes 
consid: lis place beside others in the various 
for tiases of life outside of the work 
‘tunity. Fituation. In such situations he may 
onably Her a keener mind, but in terms of 
lvanct-Gurvice he is no different than others. 
much tn summary, therefore, it does ap- 
chiev-G.xr that we ought to stop consider- 
ng the engineer as a problem child 
ce bt iisho has to be handled differently. Let 
gineer as recognize that what motivates him 
Unless wite often will be exactly the same 
fulfill Sictors that motivate others. Unless 
OPP! Fre begin to change our thinking in 
feel 8Biese matters, there is danger that 
expe The engineers will believe what many 
beet Fave been saying about their being 
J anc ifferent. If this ever happens, we are 
‘eeling Fy trouble. 
al and Secondly, our programs must be 
gnizél F wvanized and operated for the benefit 
POS Af all groups of workers. Too much 
y this mphasis on a single group can only 
Mm, Frsult in unhappiness in others. If 
ori Ive are concerning ourselves with the 
sic desires, ambitions, likes and 
lislikes of one group, let us also be 
qually concerned with the motivat- 
on Bing factors of all groups. Some may 
eople Fhe engineers, some foremen, others 
ctors B Workers, but all are employees. 

























a. ERRATUM 


rauk# In our discussion of Soviet vs Ameri- 
e, Wee can technical education (“Education for 
- and § Engineering — U.S.S.R.”, April 1957, 
jual’s § Page 13) we regretfully misidentified 
what @ 2. Roger Adams, Research Professor 
must if the University of Illinois, as being 
vail vith Chicago University. Also, con- 
wil wary to what we implied, Dr. Adams 
“as made no statement on the compara- 
uve value of Russian engineering schools. 
met! I He spoke as a chemist at a recent gov- 
have ‘mmental meeting and expressed his 
sfiel @ belief that the Russians would not catch 
edi with the United States “in either 
jisis@ Pare or applied chemistry during the 
wext ten years.” 
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Which P&B relay would you specify 
to keep conversation going over a 


MOBILE 2-WAY RADIO? 


“Sees 


















When one of America’s leading manufacturers of 
electrical and electronic equipment began the ENGINEERING DATA 
design of a lightweight 2-way car radio, they were SERIES: TS. Miniature off-set springs tele- 
faced with several specific requirements in selec- Rn 5/68” dis. palladium (rated 
tion of relays. They had to be compact, light in 3 amps.) Ye” dia. pure silver (rated 5 amps.). 
weight and engineered to withstand the shock ee eee 10 in each stach, caine 
and vibration of off-the-road service. P&B engi- any Carte ConEeneens GHESn Gian. Sas. 
neering solved the problem with a modification yg Sli 
of the TS series multiple switching relay. COIL RESISTANCE: 30,000 ohms. Shaded 
: : : coil available for 60 cycle operation up to 
In this application the TS relay has a dual per- 230 V. using 4.7 VA nominal. 
sonality. It connects the power supply unit to PSS as Homann S60 Gin. Oo GaP 
both the transmitter and the receiver. Power TEMPERATURE RANGE: Stack insule- 
supply is controlled through the relay to either ref hn -5 
unit by the operator. +125° C. | ron 
This is just another example of how P&B engi- 2 we. 16: hook-up wires Ae avaiable 
ne ' : a= fam hen mag 
neering is daily adapting standard types of relays eens Gon carer teat 
or designing completely new types to meet spe- cally sealed enclosures: Round: With octal 
cific requirements of new products. P&B’s unique oetel pug @ to 14 proreea solder tags; heeder 
25 years of engineering experience in relay ap- arian teen relay socket, Multiple 
plications is a source of quick, correct answers to DIMENSIONS: (4 Form C) 1-19/32" L. x 
your relay problems. Write today for new com- eave Oa arise W. ermetical 
pact catalog, imtys Teoee ae 
' lite of 
P&B STANDARD RELA\’S ARE AVAILABLE AT YOUR LOCAL nition eperstioms will sesn eons. 
ELECTRONIC, ELECTRICAL AND REFRIGERATION DISTRIBUTORS 
Potter & Buuntield, ine." 





Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 
Manvfacturing Divisions also in Franklin, Ky. and Laconia, N. H. 


See our catalog in Sweet's Product Design File. 


CIRCLE 10 ON PAGE 48 FOR MORE INFORMATION 








This year the Government will spend millions of dollars 
on research and development of Project Vanguard. A 
spokesman for the International Geophysical Year here 
tells how studies from rockets and satelites will provide 
new understanding of the earth and its atmosphere. 
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ANYONE WHO IS FAMILIAR with the program of the 
Iternational Geophysical Year is struck by the fact 
that the engineering tools which we use are all virtually 
nw. Photo electric cells, miniature radio and television 
lave been developed only within the last twenty years 
so. 

Just twenty-four vears ago at the time of the Second 
international Polar Year in 1933, we had only begun to 
min a third dimension into geophysics. That is, we had 
just begun to directly observe elements of our environ- 
ment not right on the surface of the earth. Airplanes 
ind balloons had given us access to the sky; submarines 
id deep sea measurements offered us a look into the 
wean, and seismic techniques were starting us on our 
xploration of the lithosphere. 


The Quickening Pace 

In the forties, electronics, radar, and submersible 
vessels, enabled us to reach even farther. No part of 
the surface of our planet remained geophysically un- 
mown. One great example of this progress was the 
tam occupation of the Antarctic Continent, based on the 
tracked mechanical weasel and a host of wartime de- 
velopments in clothing, food, heating, and communica- 
tions. 

Instruments which extend man’s own senses made 
Possible deeper descents into the ocean and the litho- 
sphere. 

In the upper atmosphere engineering vehicles carried 
Man in safety to places which his frailty had formerly 
made inaccessable. 

But in spite of all this, the sum of these efforts could 
te likened to peripatetic attempts of microbes peering 
wit of a thin film of fluid spread over the surface of a 
tbe. The rocket and its electronic payload, the satel- 
lite, changed all this. They have become the means by 
Thich men will escape from this film. They provide the 


real unlimited third dimension, both for the study of 
our own earth and the better understanding of the mech- 
anism of the heavens. 


Goals of the Geophysical Year 


We can best appreciate the role played by rockets and 
satellites when we consider what originally impelled us 
to found the Geophysical Year. 

The first aim was to observe the sun above the obscur- 
ing layer of atmosphere. Because the sun influences so 
many of the features of our atmosphere, the central 
common denominator of most of the programs is the 
observation of solar activity. Indeed, this period 1957-58 
was chosen because it will be one of near maximum 
sunspots. No other such opportunity of maximum sun- 
spots will occur until 1970. One might say that the sun 
itself set the date. 

Another important reason for the Geophysical Year 
was to obtain a truly global view of the earth. Now, no 
single observer on earth can at any one time see the 
larger events that take place in our environment. A 
global view of the atmospheric circulations on Mars is 
more readily available than that on earth. One way to 
obtain an over-all view is to space observers all over 
the surface of the earth, and IGY is doing this. But an- 
other way is by instruments in a satellite, or by photo- 
graphing the earth from several thousands of miles at 
different wave lengths from a Vanguard-like rocket 
fired straight up. 

A third reason for the selection of the programs was 
to explore those regions at the surface of the earth 
where greatest ignorance exists—the most inhospitable 
regions: the ice islands in the Arctic and the coldest 
continent, Antarctica; the deepest areas of the sea; and 
the highest parts of the atmosphere. 

Finally, we were interested in studying the inter- 
actions of the various forces of nature, one with another. 








These group into three general categories: 
. the physics of the upper atmosphere 
. surface and interface geophysics 
. the earth—its crust, interior and shape 


The Upper Reaches 


The upper atmosphere is the region where many 
fundamental atmospheric processes originate. The flares 
and eruptions of solar activity have a marked and im- 
mediate effect on ionosphere, on aurora, and on geo- 
magnetism. Above the protective shield of denser atmos- 
phere the satellite project will expose instruments to the 
sun’s full blaze. From there, we will have a chance to 
investigate cosmic rays, air density, inter-planetary 
matter, and the storminess of the earth’s magnetic 
field. Finally, we will be able to correlate these data 
with our round-the-clock, round-the-world, round-the- 
year watch on the sun. Increase of altitude is desirable 
also to obtain greater accuracy of measurements of geo- 
desy, the crustal mass and polar orbits for aurora. 
It will aid the development of a solar battery and permit 
simultaneous investigations in related fields (such as 
aurora and geomagnetism). The satellite will map cloud 
cover, determine the biological effects of prolonged ex- 
posure to radiation, and ascertain the biological effects 


of weightlessness. 


The Middle Area 


Surface and interface geophysics includes meteor- 
ology, oceanography and glaciology. The observation of 
the sun, the input of solar radiation, and the output 
of terrestrial radiation are central to this field of 
geophysics. It is the sun that evaporates the water 
from the oceans and drives the atmospheric winds. The 
huge oceans, which constitute a great thermal bank 
where heat is stored and withdrawn, exert a tempering 
effect on world climate. The solar-driven winds act as a 
ventilator, stirring the ocean surface and driving its 
currents to distribute this heat. Furthermore, the great 
ice sheets affect climate by acting as a mirror to in- 
coming sunshine. Ice engenders ice, and melting ac- 


With each complete revolution of the Van- 
guard Satellite, its orbit crosses the equa- 
tor at a different point. Pictured in green 
and pointed at the take-off site in Florida 
is the third stage of the launching vehicle 
with the satellite shown as a white circle. 





celerates melting—one example of the delicate balance 
in our environment due to reflection of absorption of 
sunshine. Thus, the whole interaction of the oceans, the 
land and the atmosphere in surface and interface geo- 
physics is utterly dependent on an understanding of the 
mechanism of utilization of sunshine. Ultimately this 
over-all balance involving such things as a global esti. 
mate of the albedo of the earth must be aided by rocket 
and satellite measurements. 


The Globe Itself 


Finally, careful observation of the orbit of the 
satellite may contribute knowledge about the precise 
size and shape of the earth. Such observations will 
give more accurate knowledge of the earth’s equatorial 
radius and its oblateness, and will more accurately link 
geodetic networks separated by water. Also, local per- 
turbation of the satellite’s orbit can tell us about crustal 
masses. 


Watch on the Sun 


We have arranged a whole calendar of observations— 
day by day ones, special world-days for concentrated 
observations each month, and ten-day world meteorologi- 
cal intervals after equinoxes and solstices. Effects at 
a time of seasonal change may be of particular interest. 
We will set up a world-wide warning service to alert 
magnetic, ionospheric and auroral observers at any 
time when the sun decides to perform an extraordinary 
experiment that presages interesting consequences in 
these other. fields. We are providing for quick, special 
firings of rockets, rockoons or rockairs when the sun's 
activity causes such unusual events. 


The Goal: New Knowledge 


What will be some of the practical results of the 
Geophysical Year? For one thing, the knowledge it will 
provide about climatic trends, melting of glaciers and 
consequent rise in sea level, long-range radio trans 
mission, and violent storms should go far in helping 
us predict future activity of these forces. 
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Dr. Spilhaus, Dean and Professor, 
Institute of Technology, University 
of Minnesota, has written exten- 
sively in scientific journals on 
meteorology and meteorological én- 
struments. He invented the Bathy- 
thermograph and is the author of 
several books. This article is based 
on an address he delivered before 
the American Rocket Society. 


But even more important will be the answers it will 
provide to thousands of other questions. Contradictions 
will arise and questions which we do not yet know 
enough now to ask—the beginnings of new research. 
The International Geophysical Year will lay a new 
groundwork of understanding that may be the basis of 
global engineering applications for better living in the 
future. 

There are many instances of man, through lack of 
understanding, exerting a harmful control of his en- 
viroment. One of the interesting programs in IGY is 
to attempt to establish how fast the ocean can absorb 
the great quantities of carbon dioxide which the com- 
bustion of coal and oil is pouring into the atmosphere 
at ever-increasing rates—at rates which may double 
the carbon dioxide content of the atmosphere in a few 
years. If the adjustment is not quick enough, this will 
be tantamount to doubling the pane of glass in the 
atmospheric greenhouse and making it hotter within. 
By burning these fuels we may unwittingly be em- 
barked on a collossal geophysical control experiment. 
It is not out of the question that with a far greater 
understanding of the mechanisms of geophysical pro- 
cesses we should be able better to predict and there- 
after possibly be able to exert some planned beneficial 
control on our global environmental factors, such as the 
better distribution of natural heat and water. 


Renewal of Scientific Interest 


Those of us who have been connected with the 
planning of the International Geophysical Year have 
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been most gratified at the popular interest in geo- 
physics which it has evoked. A few years ago, if the 
average lay person had heard of geophysics at all, it 
was probably as a prospecting method. The Geophysical 
Year has changed this. Of course, the programs that 
have captured the public imagination are the exciting 
ones in Antartica, the use of rockets, and the plan 
to launch the artificial satellite. Nevertheless, if they 
can be used to motivate our young anew and to en- 
courage more of them to prepare themselves to par- 
ticipate in these fields of the future, such publicity is 
all to the good. 

There is no need for me to emphasize how rocketry 
and astronautics provide a motivation for scholars in 
many different fields of science, medicine, sociology, 
law, and almost all other areas of intelligent inquiry. 

The trouble with much of our science today is that 
it becomes so specialized and so erudite that it tends 
to shut lay people out. By its complexity it tends to 
discourage young people from entering scientific fields. 
I don’t know whether the Moonwatch program, which 
will assemble organized groups of amateurs, will really 
be able to contribute to the knowledge of the orbit of 
the satellite, but I sincerely hope that it will. 

I’m glad to see that articles are beginning to appear 
in radio magazines which may stimulate radio hams 
around the world to participate in the satellite program. 
I read, too, of serious rocket clubs of teen-agers, and I 
hope that communities will encourage this exciting ac- 
tivity, provide it with the proper safeguards, and not 
merely ban it as a hazard. I hope, too, that teachers 
will take a more tolerant and sympathetic view toward 
the new form of literature which is science fiction. 
Science fiction in unusual environmental settings, if well 
done, is educational. In order to find out what is good, 
it is necessary to let it all emerge and let the distillation 
of time select that small part of which will be lasting. 

Finally, let us hope that this co-operative effort to 
understand and overcome problems of world-wide scope 
may be big enough to bind people together in a lasting 
common interest. 
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A manager must delegate or cease to grow. 
How to delegate without inviting risks is a 


difficult art but well worth learning. 


RISKS 


Scott Nicholson 





PICTURE THE TECHNICAL MANAGER who has built his 
function up from a few testing instruments to a depart- 
ment of fifty people. He enjoys a fair research budget, is 
dedicated to his work, and knows his field so well that he 
arrives at answers almost instinctively. Yet he can't 
seem to wring high productivity from his department. 
This can happen. The most dedicated boss can fail to 
inspire real effort from his staff if he retains too many 
functions in his own capable hands. 

Many managers who have read manuals telling them 
they must “learn to delegate” are fairly skeptical about 
this advice. They suspect that the writers of these man- 
uals have never been responsible for million dollar 
projects complete: against urgent deadlines, or they 
wouldn’t so blithely suggest “letting go of the reins”. 
These executives know that delegation isn’t as simple 
as all that. 

Delegation means to entrust to another. And because 
it involves trust, it carries with it the danger of a trust 
miscarried. When a manager discovers that matters have 
gotten completely out of hand, he doesn’t care that the 
mistake was unintentional or that the assignment was 
unclear, all he knows is that someone “fell down on the 
job”, leaving him exposed and defenseless before his 
higher-ups. 


A Prerequisite of Growth 


Yet as difficult as delegation may be, most experienced 
executives agree that a manager must learn to delegate 
or cease to grow. His success is measured by the ability 
to get things done through other people. The manager 
who will not delegate finds that his people work far below 
their capacities. He finds himself saddled with details 
and so busy helping his men do their tasks that he has 
no time left to concentrate on his own. Finally, by over- 
seeing each detail of his subordinates’ duties, he prevents 
them from growing in their own right. 

Technical managers who have made a striking success 
of delegation generally agree that the answer to the risk 
of delegating is not in maintaining tight controls but in 
knowing how to let go. Research directors in several 
companies, including Chrysler Corporation, General Mills, 
and Daystrom Corporation have come to believe that 
many of the dangers of delegating can be avoided. The 
problem is, of course, one of determining how much 0 
let go and to whom. This is a tall order; but these men 
say you can get the beginnings of an answer by asking 
yourself seven leading questions: 
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|. Do You Select Good Men? 

Before he died, Andrew Carnegie wrote an epitaph 
for himself which read: “Here lies a man who knew how 
to get around him men who were cleverer than himself.” 
Sociologists who have made studies of leadership find 
that there is one quality almost all leaders hold in com- 
mon. They all seem to have a knack for surrounding 
themselves with uncommon men. 

We say knack because this ability is essentially a knack. 
It depends on a man’s native insight into character. Most 
leaders select their followers largely on the basis of 
rapport. They seek out those individuals whose minds 
work on the same wave length as their own. Thus, sur- 
rounding oneself with good men requires thinking as 
good men do. The manager who has the mental equip- 
ment to do this is well along the way toward effective 
delegation. But if he finds himself going from one selec- 
tion blunder to the next, he is virtually compelled to re- 
tain tight controls. 


2. Do You Delegate Authority? 


A basic maxim of management holds that “authority 
accompanies responsibility.” This is so obvious that it 
might be presumed to be the way every boss delegates. 
It’s not. Many executives who are liberal in parcelling 
out responsibility, keep the real authority in their own 
competent hands. A typical example is the research man- 
ager who assigns projects to his group leader but allows 
the leader no authority over his own men or materials. 
Both the men and the outside jobbers are aware that 
for final decisions they must go over the project leader’s 
head to the real boss. 

In many cases it’s advisable to limit a subordinate’s 
authority. But when this happens the boss should realize 
that no real delegation has occurred. If a subordinate 
hasn’t received enough authority to do the job, by the 
very definition of delegation he has not assumed full 
responsibility. Simply saying that he has doesn’t make 
it so. 

It is here that the question of how much authority to 
delegate arises. Some subordinates insist that they need 
wider powers when actually they have all the authority 
they need to do the job if they would simply approach 
it properly. But in many other cases the plaint of “no 
authority” is justified. Many managers who have risen 
through the ranks have come to realize that striking a 
working balance between too much authority and too 
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little is the essence of sound delegation. The basic rule of 
thumb is that authority must match responsibility. 


3. Do You Let Your Subordinate Run His Own Show? 


Many a technical manager knows his field so well that 
he solves problems almost instinctively. When he sees a 
subordinate struggling with a puzzle that he could solve 
in a twinkling, there is an irresistible temptation to step 
in and solve it for him. To resist this temptation requires 
self-control. But in the long run it pays dividends in a 
staff that’s capable of doing its own thinking. 

The successful boss lets his subordinates plan their 
own functions in their own way. He keeps hands off 

(Continued on page 34) 
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READING TODAY’S TECHNICAL LITERATURE, one is impressed 
by the increasing role of electronics in technology. Elec- 
tronic devices enjoy such diverse applications as the 
continuous monitoring of tobacco; automatic grinding 
of automobile engine blocks; electronically programmed 
looms to produce unusual patterns in yarn; and the in- 
spection of steel bar and tube at the rolling mill for de- 
fects in chemical composition. Other examples include 
the use of electronics in communication, computation, 
transportation, and the military. But one of the biggest 
users of electronic control is the chemical industry. 

During the past ten years, cost of labor in the chem- 
ical industry has increased 150% and the cost of raw 
materials has more than doubled, yet the cost of chemical 
products has risen only 30-40%. To prosper under these 
conditions requires drastic and continuing reductions 
in manufacturing costs. 


On-the-fly Information 


How were these reductions achieved? Essentially, they 
were gained by replacing small-scale, batch-type opera- 
tions with large high-speed, continuous processing. In 
this, electronic instrumentation played a crucial role. 
One important contribution is that it makes possible 
split-second quality checks. 

Whereas the batch-type operation permits patient 
laboratory analyses; the continuous, high speed process 
requires on-the-fly information. In fact, many processes 











CURBING rising costs 


with Electronic Instruments 


are so rapid and complex that only fully automatic con- 
trol can take down and analyze the data. Thus, automatic 
data instruments have been a very important factor in 
the chemical industry’s ten year revolution. 

In addition to process control instrumentation, our 
people are investigating methods for automatic data 
processing that offer further cost reductions by tying in 
the process instruments with computers that are part 
of the material control and accounting systems. When 
we learn how to close the feedback loop around the entire 
plant—i.e., from outgoing product to incoming raw 
materials—as we are now doing on individual processes 
within the plant, the visioned push-button plant will be 
just around the corner. 

We do not as yet have the pushbutton plant complete 
with automatic check-writing and billing facilities. But 
on the other hand, the industry does have plants where 
you can walk for miles without seeing an operator. 


Heat and Pressure 


A second important use of electronic instrumentation 
in chemical processing is in the delicate business of con- 
trolling temperature and pressures. For a number of years 
we have had instruments for measuring temperature, 
pressure, flow, and liquid level. But lately—just in the 
past few years—the sensitivity, range, accuracy, and re 
sponse speed of these measurements have increased by 
leaps and bounds. Today, we can buy instruments that 
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During the last ten years a technical revolution 
has taken place in the chemical industry—the moving 
of the control laboratory into the process stream. Be- 
hind this revolution is the speed and sensitivity of 
electronics. Here a du Pont research manager gives 
examples of special-purpose electronic instruments 
and describes a unique and sensitive capacitance in- 
strument. 










}by R. C. McMillen 


accurately measure temperatures from near absolute 
vro to thousands of degrees, pressures from 10-?° to 
10 atmospheres, and flow rates from a few milliliters 
per minute to thousands of gallons per hour. In addition 
to these measurements, instrument manufacturers have 
made possible the measurement of other process varia- 
bles, such as viscosity, chemical analysis of gas and liquid 
streams, chemical composition, color; molecular weight of 
flowing streams; the thickness of moving webs of films 
and the amount of coatings applied; the unit weight of 
moving yarns and filaments; the detection of physical 
defects in moving yarn and film products; and the molec- 
ular orientation in fibers and films. 


Variety of New Products 

Finally, electronic devices have contributed immeasur- 
ably to the product diversification that has made du Pont 
famous. Fifty years ago, the mainstay of the chemical 
industry was sulphuric acid. Today the basic product 
lines of du Pont, for example, number over 1200, ranging 


Robert C,. McMillen is research manager, 
Applied Physics, Engineering Research 
Labs., E. 1. du Pont de Nemours Co., Inc. 
Graduated (EE) by Ohio Northern U., 











he joined du Pont in 1947 as a research 
engineer, advancing to his present post 
in 1953. He is a senior member of IRE. 
























from silicon to titanium metal, resins to rubber, 
dyestuffs to paint, wrapping film to X-ray film, heavy 
chemicals to textile yarns, and shotgun shells to dyna- 
mite. The number and diversity of control and product 
monitoring problems involved is quite sizable. 


Designing Our Own 

While du Pont buys most of its instruments from 
manufacturers, in many cases it has custom-made its ! 
own instruments. We cannot expect instrument makers 
to develop devices for ali of our specialized applications 
because of the large development costs and the limited 
markets involved. Also many of our problems require 
such immediate solutions that there isn’t time to order 
a custom-made instrument outside. . 

As a result, the du Pont Company and other chemical . 
companies have established research and development 
groups to provide instruments of this type. Many of the 
instruments are highly specialized. Each was developed 
to solve one particular problem. Other instruments, par- 
ticularly infrared and ultraviolet gas analyzers, find 
application in hundreds of process stream locations with- 
in our company. Designs of some of our more versatile 
instruments have been made available to instrument 
manufacturers on a licensing basis and are being used 
by the industry as a whole. 

It is interesting to note that almost all of the tools of 
electronics are being utilized in process control and prod- 
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uct inspection. The phototube, photoconductor, and pho- 
tomultipliers of electro-optical systems play an important 
part as do the highspeed scanning techniques of TV with 
their associated gating circuits and wide-band ampli- 
fiers. Add to this list pulse circuits, audio and r.-f. gen- 
eration and detection, magnetic memory, signal delay and 
amplifying techniques, unusual types of servo, electronic 
feedback, d.c. and a.c. amplifiers as well as many others. 


Reliability of Process Instruments 

This broad use of electronics is both a challenge and a 
headache for the design and maintenance engineer. Until 
recent years, most of our electronics were developed for 
the communication and entertainment industries. In these 
applications, cost was more important than precision. 
And duration was seldom important. We readily accepted 
a component life of a few thousand hours. 


RESONANT BRIDGE 
Figure 1 
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Figure 2 Circuit Capacitance 


But these factors are important in the chemical indus- 
try. I know of no industry that relies more heavily on 
continuous, 24-hour-a-day, 7-day-a-week operation. The 
cost of instrument failure is reckoned in terms of tens 
of thousands of dollars incurred by process upsets, not 
just in the minor cost of repairs. We are always reluctant 
to install complex electronic control equipment as long 
as other reliable methods are available. As we place in- 
creasing emphasis on electronics, however, the reliability 
of the instruments must increase through better design 
procedures and improved circuit components. This rate 
of improvement must be speeded up if we are to achieve 
the full potential of electronic control. 

Design engineers need to put even more emphasis on 
reliability. One of the weakest links in vacuum tube cir- 
cuitry is the vacuum tube itself. With the coming of 


AS 


age of transistors and other semiconductors, as well as 
magnetic amplifiers, the elimination of the vacuum tube 
is a worthwhile and attainable goal. 


The Capacitometer 

Engineers can measure many physical variables 
by measuring the change in electrical capacitance caused 
by the movement of one plate with relation to the other 
plate of a two-plate capacitor. Also, the presence of ma- 
terial having a dielectric constant greater than that of 
air causes a change in capacitance. We recently developed 
a simple capacitometer for making these changes, that, 
to the best of my knowledge, is unique. 

The better capacitometers will have sensitivities in the 
order of hundreds of volts per micromicrofarad capaci- 
tance change. The factors that limit the useful sensitivity 
of the capacitometers are long-term stability and short- 
term noise. 

Some capacitometers respond to impedance change of 
a capacitor, but the more sensitive devices are sensitive 


to frequency shift of an L-C resonant circuit. The engi- © 


neer attains this shift in several ways. One way is to 
include the measuring capacitor as part of the frequency- 
determining elements of a self-excited r.-f. oscillator and 
detect the frequency shifts by FM (frequency-modulated) 
discriminators. Conversely, you might place the measur- 
ing capacitor in the L-C circuits of the detector fed bya 
fixed frequency r.-f. generator. To determine capacitance 
change in other systems, you measure the audio heat note 
of two heterodyning r.-f. oscillators, varying the fre- 
quency of one by the measuring capacitor. All of these 
methods have certain advantages and disadvantages, but 
the relative frequency stability of at least two detector 
circuits is the critical factor common to all methods. 


Operating Principle 

The basic elements of this capacitometer are a crystal 
controlled r.-f. generator operating at a frequency of 
around 30 Mc./sec. and two resonant L-C detectors con- 
nected in a bridge configuration (fig. 1). The two tuned 
circuits that are critical in regard to frequency stability 
operate in the same type of circuit; that is, as detectors, 
not as an oscillator and detector. Therefore, we can easily 
make them electrically and mechanically identical. The 
proper approach in designing a capacitometer of this type 
is to reduce to a minimum the frequency drift of the 
measuring detector and then make the two detectors 
identical so that they will drift together. 

When one resonates the circuit with the generator’s 
frequency (fig. 2) the output voltage is maximum. How- 
ever, the voltage sensitivity to frequency changes is 
nearly zero. By increasing or decreasing the capacitance, 
we can move the operating point off of the maximum of 
the resonance curve to a point where AE/AC, making the 
sensitivity maximum. The greatest slope occurs around 
0.8 max E, the usual operating point. To lessen tempera- 
ture sensitivity, engineers usually detune the L-C circuits 
to the low-capacity side of resonance. 
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Capacitometer Design 

Engineers can obtain high sensitivity by using high-Q 
inductors, detectors that do not materially load the reso- 
| nant L-C circuits, and by reducing the stray capacity of 
‘ables the L-C circuits to a minimum, They manage to deter- 
mine the degree of useful sensitivity by the long-term 
frequency drift of the detectors and the short-term noise 
| Ma- generated in the system. Of these, the temperature sta- 
bility of the detectors is of major importance. 
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Some Special Purpose Instruments 


Although the measuring principles of the following special-purpose 
instruments used in the chemical industry may differ, all of these instra- 
menis ere folally dependent upon electronics for successful operation: 


devices operating in the infrared region, continuously and 
automatically determine the concentration of infrared-absorbing components 
in flowing gas streams to a few parts per million. Using filters this way 
fo achieve near-monochromatic energy has greatly extended the versatility 
of the infrared-absorplion measuring technique. The detectors and ampli- 
fiers in these analyzers must be sensitive to energy level changes in the 


Photometric instruments operating in the visible and ultraviolet range, 
continuously and automatically measure the concentration of constituents 
in flowing gas and liquid process streams. Their photoelectric deteciors 
operate af currents of 10-'" amp., and the electronics provide a usable 
range of over seven decades of absorbance. The speed of response of this 
instrument is in the milli-second range, making possible direct aulomatic 
control in any process applications. 


Color measuring instruments respond to color changes one tenth of tha! 
detectable by skilled visual inspectors. These instruments measure the 
light ‘reflected or transmitted from samples in three broad color bands 
that characterize the eye's response. The electronics are stable to 0.01% 
— full-scale range with a detector current of 10-12 emp. 


Chemical analyzers based on X-ray absorption techniques, continuously 
and automatically monifor concentrations of stream impurities. They use 
a 20-kv. X-ray source voliage siabilized to 0.01%, a sample cell, an X-ray 
detector, a count rele meter, and electronic recorder. By means of a 
programmed servo system, the sample cell is purged periodically and the 
instrument automatically standardized, correcting for system drifts. 


Sample-data conirollers periodically sense and store electrical signals 
proportional fo process oulpui, providing a control signal computed from 
the stored information and giving greater weight fo the more recen? data. 
A sophisticated version of this instrument senses changes in the dynamic 
characteristics of the process and varies the compulation paramelers to 
maich automatically the controller to the process or te follow changes in 
the dynamic characieristics of the process. 


Special-purpese beta-ray gages measure the thickness of moving webs of 
plastic film. They measure within less than seven millionths of an inch. 


Traversing the moving webs of film they give on-the-fly information. The 
instrament is programmed to aufomatically standardize itself at periodic 
intervals, corapensating for system drifts and changing condifions. Some 
problems arise with thin sheet gaging, which requires radioactive sources 
of sufficiently low energy to permit absorplion by low mass sheets. 





Inductors of printed silver conductors on fused quartz 
tubes are the most satisfactory. They have a thermal 
coefficient of inductance of about 1.5 x 10° uh./°C., 
that is, an acceptably low error signal. However, the 
thermal coefficient of inductor resistance is sizeable. It 
is equivalent to an output signal of 0.1 v./°C. for the 
best type inductors constructed. Fortunately, the effect 
of the thermal coefficient of the input capacitance of the 
tube counterbalances this error signal. It is equiv- 






































































































alent to 0.4 v./°C. if the tube input is connected across 
the total inductance. Tapping the grid of the tube across 
only one-half of the inductor decreases this error signal 
by a factor of four, the impedance reduction being di- 
rectly proportional to turns ratio squared. This new value 
of 0.1 v./°C. is equal to the thermal coefficient of inductor 
resistance and can be made opposite in effect by tuning 
the detector to the low capacitance side of resonance, 
the normal operating point for the instrument. 


Tiny Vacuum Tubes 


We chose vacuum tubes as detectors in favor of semi- 
conductor diodes, even though we liked the low shunt 
capacitance of the latter. Subminiature tubes provide 
the lowest input capacitance and can be wired directly 
into the circuit, eliminating socket capacitance and loss. 
The detector circuit shown is an “infinite impedance” 
detector, since its grid is never driven positive with 
respect to its cathode; therefore, grid currents do not 
flow. This detector provides low loading of the resonant 
circuits, high d.c. stability, and low output impedance. 
However, even with this type of detector, the input impe- 
dance of the tube at 30 Mc./sec. is about equal to the 
operating impedance of the resonant L-C circuits. Thus, 
the effective Q of the L-C circuits and the sensitivity is 
cut in half. Connecting the grid of the tube to the mid- 
point of the inductor reduces this loading by a factor of 
four. Even though this connector reduces the r.-f. voltage 





Gurley Standard Binary Code Discs 
Now Available in Four Versions 
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Gurley, manufacturer of the standard binary code disc for the 
electronics industries, is now able to supply four versions for use 
in either photo-electric, magnetic or contact types of pickups. 

Containing concentric zones of information in the gray (re- 
flected) code, the Gurley discs contain alternate clear and opaque 
sectors. Thin annular rings separating adjacent zones are opaque. 
Varying patterns record up to 8192 bits of information (65,536 
on special designs! ). 

Four coatings are available: “Type T’’.-photoengraver’s glue 
with colloidal (black) silver, essentially grainless; “Type R” with 
etched metal coating, for reflectivity and transmission contrast; 
“Type M” with chemically deposited ferrous alloy possessing both 
magnetic and optical transmission contrast; and “Type C”—metal 
bonded on glass for electrical contact use as well as in contrast of 
optical transmission. WRITE FOR BULLETIN 7000. 


W. & L. E. GURLEY ¢ 531 Fulton Street, Troy, N. Y. 
GURLEY since 1845 


CIRCLE 11 ON PAGE 48 FOR MORE INFORMATION 





thermore, this connection permits the thermal coefficient 
effect of the inductor Q and of the input capacitance of 
the tube to cancel each other. 





Sensitivity of electronic recording potentiometers such as 
the two shown above, has been increased by several orders 
of magnitude during the past few years. Instruments having 
a full-scale sensitivity of 50 uv are now available. Special 
purpose models have a full-scale sensitivity of 0.25 uv with 
drift and noise level of less than 0.001 uv are now being ap- 
plied to industrial use. 


The zero operating point of the instrument is quite 
stable since the detectors are bridge connected. However, 
the sensitivity of the instrument is proportional to the 
output voltage of the detectors and will vary with changes 
in r.-f. drive and aging of the detector tubes. 

As I mentioned earlier, the circuitry of the capacitometer 
is not complex, but considerable research and many 
painstaking evaluations were required to achieve the sta- 
bility and, hence, the usable sensitivity desired. For ex- 
ample, in seeking the source of drifts and quantitatively 
evaluating the temperature sensitivity of detector com- 
ponents in terms of 10° uuf. required some unusual meas- 
uring techniques. Our best laboratory instruments were 
sorely inadequate for precise measurement of these small 
values. 


Summary 


During the past ten years, the investment in process 
control instruments in the chemical industry has risen 
from less than 2% to 7 to 10% of total plant investment. 
This trend will continue as long as smaller, high speed 
process equipment makes possible faster and more ac- 
curate control. Electronic instruments, through their 
speed of response and almost unlimited sensitivity, are 
playing an increasingly important role in this march 
towards the automatic plant. 

There is no limit to the industrial measurement and 
control problems that the combination of electronics and 
other techniques of applied physics can provide. The 
primary factor regulating the growth of electronics in 
industry is reliability. With the advent of transistors, 
greatly improved reliability appears to be in the offing. 
The opportunities and rewards to the electronic engineer 
in development, design, and application within the chem- 
ical industry are surprisingly large and will continue t0 
grow. END 
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by a factor of two, the overall result is a gain ip 
r.-f. voltage developed at the grid of the detector. Fur- 
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MATERIALS 


foron Stainless Steel 


Used in the atomic energy field in vital 
reactor shielding and control applica- 
tions, is a wrought austenic alloy, 1% 
bron stainless steel. Having thermal 
neutron absorption qualities many times 
greater than regular stainless steel, it 
may also be used in the processing of 
and disposal of nuclear waste, for stor- 
age racks, boxes, etc. The material 
makes possible important savings in 
weight and space in various atomic en- 
ergy components. Superior Steel Corp., 
Carnegie, .Pa. 

CIRCLE 30 ON PAGE 48 FOR MORE INFORMATION 


Organotin Stabilizer 


This all purpose organotin stabilizer is 
effective with every PVC and copolymer 
resin now commercially available. Ex- 
tensive research and field testing reveal 
that vinyls stabilized with Thermolite 
25 possess outstanding optical clarity, do 
not cross stain and retain brilliant 
clarity under severe conditions of light, 
heat and weathering. It is said to be 
the first organotin stabilizer to be com- 
pletely efficient in all ratios in the pro- 
duction of rigids, flexible films, plastisols 
and organosols. Metal & Thermit Corp., 
Rahway, N.J. 

CIRCLE 31 ON PAGE 48 FOR MORE INFORMATION 


Gramine-C-14 


Gramine-C-14 has been added to the list 
of radioactive carbon-14 compounds 
available for purchase under the regular 
Atomic Energy licensing procedures. 
This radioactive alkaloid is of value in 
research in the fields of chemistry, bi- 
ology and pharmacology. Gramine-C-14 
is useful in the preparation of tagged 
trytophan and in the study of trytophan 
chemistry and physiology. Available ex- 
clusively from Nuclear-Chicago Corp., 
229 W. Erie St., Chicago 10, Ill. 


CIRCLE 32 ON PAGE 48 FOR MORE INFORMATION 


Refractory Cement 


A refractory cement has been developed 


which will hold metal to metal, glass, or 
ceramics despite temperatures between 
—420° and 1000°F. Called CA-9, the ad- 
hesive is dielectric and highly shock- 
resistant throughout its temperature 
range—up to 1500°F. The material re- 
mains slightly malleable after drying. 
Thus it will not crack, craze or check 
even if used on a constantly flexing 
surface or to join materials with widely 
different thermal expansion coefficients. 
It is waterproof, non-hydroscopic, and 
unaffected by most reagents. Test speci- 
mens have shown no signs of aging 
after seven months. The new cement 
was engineered to attach surface-tem- 
perature transducers, strain gauges and 
lead wires to the 
missiles. The transducers are fully en- 
capsulated in the cement, its crack re- 
sistance guaranteeing insulation and 
protection despite severe conditions. A 
joint of CA-9 between two pieces of 
metal will resist 80 lb. psi of shear 


skins of guided | 











force at room temperature up to 900°F. | 


It is unaffected by 15 minutes of 45G 
vibration through a one-inch double 
amplitude at 1500 cycles per second. 
Wires embedded in the cement are not 
shorted by submersion in water. The 
cement is composed of ground phlogo- 
pite, a polysiloxane polymer, and re- 
fractory oxides. Charles Engelhard, 
Inc., 850 Passaic Ave., E. Newark, N.J. 
CIRCLE 33 ON PAGE 48 FOR MORE INFORMATION 


Peephole 


A new type of glass shielding brick 
that is as dense as iron and 2/3 as 
dense as lead, enables the worker with 
radioactive materials to perform remote 
manipulations, observe the action and 





even read instruments behind the wall | 
shield. The bricks are composed of a 


special lead glass mixture, and are 
mounted in a steel frame for protection 
and handling. The Atomic Center, 489 
Fifth Ave., New York 17, N.Y. s 
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We offer you time... 


Time for that new research project 
Time to look inte new ideas 
Time to develop new products 


Time, that most precious of 
commodities, can also be the 
most evasive, If competition has 
made impossible demands on 
your research time, we can 
help you. You can turn to 
Evans Research for necessary 
research time — without 
expanding present staff or 
facilities. Evans Research has 
solved chemical and physical 
problems on products as diverse 
as carbon and cabbage ... 


tobacco and TNT. 


Find out more about how to 
make our time your time — 
Send for the informative 
brochure, “Focus on Evans 
Research”. 


EVANS RESEARCH 


and DEVELOPMENT CORPORATION, Dept. R3 
250 East 43rd Si. 
New York 17, N.Y. 
Research — 
Catalyst for Industry 
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Researchers’ Views 





an Attitude Survey 


by Homer M. Sarasohn 


R & D HAS, SINCE WORLD Wak II, emerged as an indus- 
try within industries. It has become occupied with newly 
matured sciences, and peopled with a new class of men. 
The few men in the vanguard of the physical sciences a 
few years ago have now multiplied and, under the stimu- 
lus of commercial interest and subsidy, have joined hands 
in America’s proliferating R & D departments. Upon 
the creativeness and productivity of these R & D work- 
ers depends the success of R & D lab—the whole R & D 
effort, and, consequently, the entire future of a com- 
pany. 

Industrial management, by and large, realizes this 
and has made strenous efforts to adjust to the strange 
new breed of employees. It has sought, in many cases, 
to isolate the factors of creativeness, and to provide 
an atmosphere that would nurture them. 

These efforts have sometimes met with a measure of 
success; more often, in disappointing—and expensive— 
failure. A 1956 survey reported that the median failure 
rates for R & D projects in 120 leading companies was 
47 percent. The least successful company reported 99 
percent failure; the most successful, 50 percent. 

How may we account for these discouraging figures? 
There is no question that the quality of our research 
people is high; nor is there any question that the quality 
of our managers and decision-makers is equauv high. 
The answer is probably indicated by the questions: First, 
are our research people being used most effectively? 


ARE THE AIMS, GOALS AND PURPOSES OF 
RESEARCH KNOWN AND UNDERSTOOD BY: 
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RESEARCH MANAGEME! 


NT 


RESEARCH PERSONNEL 
(PROFESSIONAL STAFF) 


TOP MANAGEMENT 


IS THERE A GRAPEVINE SYSTEM 
OF COMMUNICATION OPERATING? 


| 1F SO, DO YOU FIND OUT MORE BY THIS < 
ROUTE THAN BY OFFICIAL CHANNELS? 


And, second, are the efforts of management and R &D 
being coordinated as best they might? 

Both these questions have to do with the functioning 
of people. Consequently, the answers must be largely 
subjective—how they feel about what they are doing, 
the way they are doing it, what their attitudes and un- 
derstanding of their working conditions are. The em- 
phasis here is on attitude. It is a well established princi- 
ple that a man’s behavior is determined by what he 
believes. If he believes the world is flat, he acts as 
though it were flat. If, regardless of how well a com- 
pany is managed, he feels that his particular job is not 
well-organized or well*supervised his job performance 
will be diminished accordingly. 

It was to determine these attitudes that the manage- 
ment consultant firm of Booz, Allen, and Hamilton 
undertook a survey of Professional Research Personnel 
Opinions and Attitudes, of which this is a preliminary 
report. 


The Problems 


A fundamental need in the organizing of a research 
laboratory is the establishment of an environment which 
will permit individuals to apply their knowledge and abili- 
ties to the fullest extent in the direction of greatest im- 
portance to the company. The prevailing notion is that 
where equipment and facilities are the best that money 
can buy; where working conditions are relaxed and the 
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a¢ people think affects what they do. Here 
— reports what engineers are thinking about 
rvisors, management and the general effective- 
of the research and development department. 


researcher is given head to find his own way; and where 


alaries meet or exceed competitors’ then the success of 


Sthe lab and the productivity of the researcher must in- 


witably follow. It may come as a surprise, but these 


Hare not the things that preoccupy the man in the lab. 


When we asked scientists to draw up a list of ten most 


Scritical problems, the first three places on their lists, by 


, wide margin, were taken by managerial matters— 
wmmunications, planning and coordination, and super- 
vision. 


Communications 


When we asked 3500 R & D people if they felt that 
the research division was organized for effective com- 


Snunication, a resounding 59 percent answered xo or 


loubtful. This put communication into first place on 
the problem list. The significance is obvious. Until the 


sresearch man can get proper attention for his ideas 
Sirom management, and until management understands 
Hthem, the ideas the researcher is seeking to communi- 

ate do not exist. On the other hand, the most pro- 
Hiuctive employee is one who understands his company’s 
Siims and recognizes how his job fits into the over-all 
scompany objective. Yet, 41 percent of those polled felt 
gthat R & D personnel were not well acquainted with 
@the strengths and limitations of their company’s prod- 


ucts; 60 percent were dubious that they were advised 


a of happenings in other departments of the company; 
ind 68 percent answered negatively when asked if they 
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ARE YOU INFORMED OF RESEARCH 
ROJECTS AND PROGRESS OF SECT- 
ONS OTHER THAN YOUR OWN? 
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ARE YOU ADVISED OF HAPPENINGS 
IN COMPANY DEPARTMENTS OTHER 









The TYPICAL R&D Man: A Statistical Portrait 


He’s an engineer, about 34. He’s been in R&D for 1 to 
5 years, has a B.S. or equivalent, and earns about $7 
thousand a year. He feels that management looks upon 
R&D as indispensable, but he tends to identify himself 
more with his profession than with his company. He is 
sensitive to professional recognition—and very sensitive 
to the lack of it. Much more than his non-technical 
counterpart, he is convinced of the necessity for con- 
tinuous training and education in his specialty in order 
to keep up with technological change. 


He finds his work challenging—most of the time, and 
is confident of his ability to meet its demands. By 
and large, he thinks his top research executive, with 
regard to scientific and administrative ability and 
leadership, is good—and more often outstanding than 
marginal or poor. His immediate superior stacks-up 
only a little less well. 


He doesn’t feel that he has enough voice in the selec- 
tion of projects; he feels a little better about how much 
he has to say about the conduct of research; and 
much better about his say in the design of experiments. 
He’s somewhat ambivalent about company policy in 
terms of personal recognition and reward. He thinks 
that the factors influencing promotion in his lab take 
this precedence: research ability; getting along with 
others; supervisory ability; influence and politics; 
papers, patents, and professional recognition; and, 
finally, administrative ability. But more than any single 
one of these, he feels that a logical combination of all 
is most influential. 


He rates his advancement opportunity in his present 
company as marginal to good, and would prefer the 
professional line of advancement to the administrative, 
though he has an inflated idea about opportunities in 
the latter. By and large, he feels that he could be pro- 
moted anytime within the next year. He’s not clear 
on whether he would eventually prefer promotion or 
transfer outside the research division, but he’s fairly 
sure that he wants to make a career of research. 


Though his firm does much research work for the 
government, he thinks that the continued prosperity 
of his company depends more on general business 
conditions than on government activity. He doesn’t feel 
that his job is much more secure than other jobs gen- 
erally. In the event of a downturn in company business 
he thinks the resultant cutback would effect the research 
lab about the same as other company operations. 


Generally, he would rate his company as a better place 
to work than others, though he has some reservations. 
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DOES YOUR SUPERVISOR COUNSEL WITH YOU: 


FREQUENTLY 


*ON YOUR PROGRESS AGAINST 
PERFORMANCE STANDARDS? 


“ON YOUR DEVELOPMENT 
NEEDS & OPPORTUNITIES? 
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ARE WORKING RELATIONSHIPS CLEARLY DEFINED? 
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WORKERS AND SUPERVISORS 
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were informed of research projects and progress in 
other sections than their own. The over-all communica- 


tions picture is summed up by a whopping 64 percent | 


(averaging the percentages for all inter-departmental 
relations) who would rate the general exchange of in- 
formation as marginal to poor, and 32 percent who 
thought that the aims and purposes -of research were 
not understood by research management, top manage- 
ment, or research personnel. 


Planning and Coordination 


Vital to the success of new product development— 
and hence, of the activities of the R & D lab—is close 
cooperation between R &D and the Sales and Manufac- 
turing departments. Yet, these two departments were 
rated lowest by researchers in terms of cooperation with 
the research activity. 38 percent rated them marginal 
or poor. This points, if to nothing else, to a lack of 
integration of the research activity with the other 
branches of the company. Little wonder that 67 percent 
of research projects end in failure. 

Lack of coordination and planning is exemplified in 
other ways too. Forty-seven percent of R & D people 
feel that their research division is not well organized 
for effective research. This poor integration and lack 
of planning has many side-effects. More than two-thirds 
of the researchers questioned observed that there were 


service functions and trouble-shooting duties they had | 


to perform in addition to their main research activities. 


Fifty-six percent found that these side duties disrupted | 


the progress of their research in varying degrees. 
Were planning and coordination improved, both these 

deficiencies might be corrected and an appreciable in- 

crease of effective skilled man-hours could be realized. 


Supervision 

Supervision is fundamental to the success of an R &D 
lab. It is also a major problem. It is the link between 
policy and planning, on the one hand, and the realiza- 
tion of the plans, on the other. Yet, in so fundamental 
an area as the researcher knowing what performance 
standards are expected of him, more than a third were 
not sure. In terms of years of experience, those with 
20 years or more were still 36 percent not sure; and 
those with one to five years’ experience, a catastrophic 
60 percent were not sure what was expected of them. 

Many elements contribute to this expensive ignorance. 
Here are a few: Written job descriptions exist for only 
80 percent of the sampling; of those whose job is 80 
covered, only 26 percent have copies. 52 percent do not 
work under clearly defined relationships with other re- 
search workers. 48 percent do not work under clearly 
defined relationships with their supervisors. What more 
important function has the supervisor than to counsel 
with his subordinates about their progress against per 
formance standards? Yet, 43 percent are seldom or never 
counseled, and only 36 percent sometimes are. 

These are some of the elements that contribute to 
poor supervision. It is clear that here too communica- 
tion is a contributing factor. 


Other Problems 


Besides providing a barometer of opinions and atti- 
tudes of R & D personnel, the survey provides a means 
of measuring the impact of management on the com- 
pany, and indicates, too, the areas in which further 
thought is needed. Training and development, a manage 
ment challenge in al] divisions of the business, appears 
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In this preliminary report, we have sought to present 
the most salient areas of concern, and thus indicate 
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INTERNATIONAL BUSINESS MACHINES 


on Short-Range vs Long-Range Research 
What IBM Expects from Research 
The Effect of Government Spending 
Problems in Getting Skilled Manpower 


QUESTION: To most of our readers the name IBM is 
synonymous with computers, tabulators, bookkeeping ma- 
chines and related equipment. Would you give us your 
thinking on the present status and future of these units? 


ANSWER: Certainly. We might start with this con- 
sideration: There are two main problems that have 
always worried the human race. One is the energy re- 
quirement and the other is the food problem. Uranium 
fuel has essentially solved the energy requirement. Food? 
I don’t know. 

Now we still have a problem of utilizing the energy 
and having it flow in proper directions—controlling it. 
That is what business machines do. You take any in- 
dustrial setup. Its expansion possibilities will be blocked 
unless it solves the manpower requirements, or in some 
way mechanizes. For example, if the telephone company 
hadn’t installed the dial system, the country’s present 
telephone requirements would commandeer every woman 
between the ages of 20 and 40. 


There has been a lot of discussion about the problem of 
keeping research teams producing or creating. What can 
be done when they hit a slow area—when they aren't pro- 
ducing? 


Well, a lot depends upon what you're producing. En- 
gineering outfits have to produce certain things. Ii 
you’re designing a machine you’ve got to get the ma 
chine out. You have a factory schedule and the sales 
people have backlogs. So that’s easy. But when it comes 
to science, knowing your objective is much more diff- 
cult. No one has the answers. 

All this business about teamwork as against indi- 
vidual research can be sheer nonsense. Some areas 
obviously require teamwork. Others don’t. This is at 
old problem in science. There has always been teamwork 
in astronomy, simply because the instruments are ex 
pensive. There has always been teamwork in organic 
chemistry. 

Now, when it comes to creative scientific people, you 
first must have a community of scholars with some 
kind of interest. The scholars have to be bright people. 
And then just leave them alone. If you start mixing 2 
—pulling this guy out, putting another guy in, trying 
to make a better team, you’re going to run into trouble. 
And the reason you run into trouble is that it takes 8 
number of years to get a team working together. People 
make the mistake of thinking in terms of baseball— 

(Continued on page 32) 
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NEW! c.P. NITRIC ACID IN THE FIRST 
NONRETURNABLE CASE and BOTTLES! 


, another new packaging development from BsaA 


No Returns! No Deposits! Now B&A brings 
industry the first practical, low-cost, “single 
trip” case for C.P. Nitric Acid with non- 
returnable bottles. The specially designed, 
wire-bound wood box holds six five-pint bot- 
tles . . . eliminates deposits, record keeping, 
the trouble of making returns. 


Save Time, Trouble, Money! With this “sin- 
gle trip” unit, there are no return freight 
charges to pay, and incoming freight costs 
are less. The throw-away case and bottles 
are lighter than returnable units. For most 
users, the modest increased charge on the 


BAKER & ADAMSON 


Reagents 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


Offices: Albany* * Atlanta ¢ Baltimore* ¢ Birmingham* ¢ Boston* ¢ Bridgeport* « Buffa 
Jacksonville * Kalamazoo * Los Angeles* * Milwaukee * Minneapolis * New York* * Philadelphia* * Pittsburgh* * 





“single trip” case will be more than offset 
by direct freight savings as well as by re- 
duced handling and accounting costs.. 


Safer, More Convenient! The new B&A case 
is sturdy and strong, yet more compact, 
easier to handle, easier to store. Fully com- 
plies with ICC specification 16A. 


Order Now! The new units are ready for 
shipment from many of B&A’s distributing 
points, coast to coast. For information on 
availability in your area, phone or write 
your nearest B&A office listed below. 


@? 


Seattle « Kennewick* and Yakima (Wash.) In Canada: The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vencouver* 
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“Single trip” fiberboard 
cases and bottles ulso 
available for shipment of: 


SULFURIC ACID 
95.5-96.5%, Reagent, A.C.S. 
(Sp. Gr. 1.84) 


HYDROCHLORIC ACID 
37-38%, Reagent, A.C.S. 
(Sp. Gr. 1.18) 


ACETIC ACID 
Glocial, Reagent, A.C.S. 


AMMONIUM HYDROXIDE 
Reagent, A.C.S. 
(Sp. Gr. 0.90) 


lo* * Charlotte* « Chicago* * Cleveland* * Denver* * Detroit* + Houston® 
Providence* * St. Louis* * San Francisco* 
*Complete stocks carried here. 
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FACE 
TO FACE (Cont. from p. 30) 


one poor inning and you change the batting order. Well, 


in research it isn’t quite so. Let me put it this way. IBM 
is going into, say, low temperature research in the hope 
that it will derive some kind of insight into where this 
fits in the computing situation. I don’t expect that we'll 
get any significant results out of this for three years. 
This is the gamble we’ve made, and that’s that. 


Then you just leave them alone? 


Well sure. If you see the fellows aren’t doing well, 
you mix in. But you don’t keep shaking it up every 
three months. Now the situation you have to watch very 
carefully is when it comes to getting a transistor into 
product development where you’re trying to make sure 
that the next machine (say in two years) will have 
effective transistors. In engineering, which is close to 
production, you may have to bring in new people, change 
the composition of the team and so forth. You have to 
intervene quickly at times. In research on the other 
hand you have to have the wisdom to leave things alone. 


Working on advanced computers apparently leads into vari- 
ous avenues of research. 

Yes. In connection with computers, we need some eco- 
nomic research. We also ought to have some biological 
research. 


Why biological? 
We're interested in the physiology of the nervous sys- 


tem of the brain. We may develop some very interesting 
insights which may have an impact on information 























Accurately controlled pressures to 20,000 Ibs.; 6-inch 
gauge mounted on base. Carver Standard Accesso- 
ries include Electric or Steam Hot Plates, Carver Test 
Cylinders, Swivel Bearing Plates, Cage Equipment. 
Available from stock. Write for catalog. 


FRED S. CARVER INC. 
HYDRAULIC EQUIPMENT 


Eee 1 CHATHAM ROAD, SUMMIT, N. J. eumemmemenes 
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theory and computer design. That’s where our interest 
in biology comes in. 


Could you now talk about the place of government in the 
industrial research picture? 


Yes. Let’s face this fact, of the total money spent for 
research and development on a national scale, a tre 
mendous portion of it is government money. Let me 
put it another way. We have gross national product of 
$400 billion and the budget is $70 billion, so that the 
Federal Budget is about 1/5 or 1/6 of our economy. 
On research and development the total is say $6 billion 
and the Federal Government most likely gives $3 billion 
or $2.5 billion. So as far as the technological budget goes 


the Federal Government pays close to half of the cost. | 


It does more than that. The technological demands of 
the Dept. of Defense and AEC propel in a sense, the 
rest of us ahead. When the Government builds a reactor 
or when it tries to operate engines at 2000°F., it cer- 
tainly is putting a terrific strain on the nation’s knowl- 


edge of metallurgy. The Government is doing more to | 


stimulate us technologically than any single industry; 


whenever labs are being forced to move rapidly techno- | 


logically, you’ll find that some kind of Government project 
is involved. 


Does this influence have a tendency to broaden the area 
in which industry operates? 


Yes, it broadens the area and also accelerates our prog- | 


ress. The rate of our technological progress depends 
tremendously on government money and the require- 
ments the government sets forth. You take something 
like the titanium industry. It never would have left the 
ground without government backing. The same is true 
of computers. After the War the digital computer field 
was spurred on by government funds. People hate to ad- 
mit this. And except for IBM, every company that’s gone 
into computers has received money from the government. 


Are you as concerned about the lag in science education 
as other educators and technical managers seem to be? 


Our whole technological future depends on the output 
of engineers and physicists from our schools, especially 
from the graduate schools. I look for Ph.D’s as the 
principal source of scientific manpower. And just as our 
medical schools cannot produce more M.D’s because fa 
cilities are limited, graduate schools can’t turn out 
enough physicists. 

With increases in capital investments, someone has 
to move in with money to build facilities. The Federal 
Government may have to assist. You take New York 
state; colleges are being built right and left but they're 
all undergraduate or junior colleges. We must give im- 
mediate attention to the needs at the graduate level. 
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Private donations will help, of course, but the main 
stimulus may have to come from the public revenues. 
Americans are in a peculiar state of mind, you know, 
emotionally and economically in regard to all this. This 
has nothing to do with private enterprise or political 
philosophy. What is important is strengthening our 
graduate schools—increasing them in scope, giving them 
more equipment; and this has to be done throughout the 
country. We must let the Federal Government—either 
through the departments or the National Science Founda- 
tion—somehow siphon that money in there. I have no 
strong feelings of how this is to be done. But it has to 


be done, 


Will you tell us about IBM’s methods and success in 
getting top physicists and other scientists? Have you 
suffered from any shortage in technical manpower? 


Good companies can get the people they’re after. Let 
me put it this way. I know Bell Telephone Labs draws 
from the cream of the crop; that is, on the graduate 
level. We do too. Now in order to do it requires a great 
deal of work; you might have to interview five top peo- 
ple to get two. But we get the top people. 

Very bright people normally choose jobs in this order: 
academic first; industrial second; and governmental 
third. Our problem is to get the top people who want to 
go into industry. Also, to convince some top people who 
want academic jobs to come with us. If we work hard 
at it, we get our quota of good people. 


What is 1BM’s position in regard to government contracts? 
To what extent are you involved in work for the military 
or other governmental agencies? 


In research we will undertake a government contract 
only if it fits into our planned program, and we'll use 
the government money to accelerate that program. We 
will not go soliciting for governmnt funds to do research 
that the government wants done. We have a rule that 
we won’t permit more than about 10 percent of our in- 
come in research to come from the government. Other- 
wise, we would not have an IBM program, but some 
conglomoration reflecting the needs of various govern- 
mental departments. We feel that we’re most useful to 
the community if we have our own program. We’re use- 
ful in the national economy because we're in a certain 
kind of business with a research program that supports 
that business. 


What percentage of your research budget is supported 
by government money? 


I think at the moment, in over-all research, the govern- 
ment funds are about 10 percent of our activity and 
that’s about as much as we'll ever accept. Now as re- 
search grows, we'll permit more government money to 
flow in, but the percentage is not going to change. 


As a final area of inquiry, Dr. Piore, do you feel that there’s 
a general trend of American industry to have technical 
people more and more on the top level of management, and 
will this trend continue? 

Pretty definitely. I think you'll find that Wilson—all 
the Wilsons—both of Indiana and General Motors, are 
all of engineering training. Sloan, although he came up 
from General Motors sales, is an M.I.T. graduate of an 
engineering course. Big companies like A.T. & T. have 
been putting technical people on their boards of directors. 


Thank you, Dr. Piore. 
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Original equipment 
manufacturers may 
choose from a com- 
plete line of Auto-Lite 
dial thermometer types, 
in ranges to meet the require- 
ments of specific applications. 


Send for our latest catalog describing the 
Bos Auto-Lite thermometer styles and 
: types. 

THE ELECTRIC AUTO-LITE COMPANY 
Instrument and Gauge Division 
Toledo 1, Ohio 
New York * Chicago * Sarnia, Ontario 


TEMPERATURE INDICATORS & RECORDERS 
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BOARDMASTER VISUAL CONTROL 


Gives you a Graphic Picture of your operations, spot-lighted in color. 
You See what is happening at a glance. Facts at eye level—saves you 
time, prevents errors. 

Simple, flexible—easily adapted to your needs. Easy to operate. 
Type or write on interchangeable cards, snap in grooves. Ideal for 
production, scheduling, sales, traffic, inventory, etc. Made of metal. 
Compact, attractive. 


Complete Price $4450 Including Cards 


24-Page Illustrated Booklet 10-M 
Mailed Without Obligation 
GRAPHIC SYSTEMS new vorn'3s.n. Y. 
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Delegating (Cont. from p. 19) 
while the subordinate goes through what may even be the 
wrong steps, because he recognizes that learning does 
not take place in an artificial, protected climate. 

The manager who requires that the details of every 
job conform to his own working preferences will have 
his men calling upon him every minute for advice, and 
the work in the department will slow down to a snail’s 
pace. But the boss who lets his subordinates plan their 
work in their own way will find his men growing in con- 
fidence and taking an increasing amount of the load off 
his shoulders. 


4. Do You Have A Yardstick of A Job Well Done? 


If you don’t, perhaps you should, as much for your 
own sake as for that of your subordinates. Setting up 
criteria of what constitutes a successful performance of 
the job gives your men a clear measure of achievement. 
Also because it commits you to a firm standard in judg- 
ing their work, it brings rewards in high morale in the 
department. 

In setting up performance standards, the fairest way 
is to measure the job by the end product. Many managers 
like to include a number of subjective quantities in their 
merit ratings—quantities such as human relations ability, 
cooperativeness, and loyalty. As important as these abili- 
ties may be, successful managers agree that these criteria 
are too ambiguous, too subject to distortion and preju- 
dice, for fairly judging the subordinate’s work, For this 
reason the best and fairest standards are those based 
on end product: on, for example, the number of patents 
produced, or the number of projects finished on deadline. 

Establishing a yardstick of a job well done is difficult. 
For one reason, breaking down a job into measurable 
factors is a laborious process. It may force the manager 
to a much deeper re-assessment of the work in his de- 
partment. Equally as important, by going on record as 
to what constitutes a job well done, a manager surrenders 
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Delegation Defined 


DELEGATION—Investing another with authority to act 
in your behalf. Because it is based on the transfer of 
authority, the extent of delegation that has taken place 
depends on the amount of authority that has been 
passed along. 


RESPONSIBILITY—Being charged with results for the 
administration of another’s affairs. Responsibility cannot 





be transferred. Thus, investing a person with responsi- | 
bility for the success of an operation does not mean | 
that you divest yourself of liability for the operation. 
The principal remains fully responsible to his superiors | 
for his subordinate’s actions. | 


AUTHORITY—A power or right to act excercised by 
virtue of one’s office or jurisdiction. Authority is lent | 
in trust. Because it is only lent, the principal cannot | 
withdraw it at will. 


ACCOUNTABILITY—Liability to answer to your prin- | 
cipal for the conduct of his affairs. The subordinate | 
is always subject to giving a full accounting of his 
activities at all times. | 

one of his favorite prerogatives—the right to shift 
ground rules on his men. 

But usually it’s worth it. Letting the subordinate know 
beforehand what constitutes a good job inspires self- 
confidence and security, and lays the foundation for 
genuine, sincere recognition of work well done. 


5. Do You Keep Checking-Back to A Minimum? 


Whenever a job is delegated there is an obligation to 
keep the boss informed. But if work is to move ahead 
on schedule, the subordinate cannot always be going back 
to touch home base. The very process of reporting is ex- 
tremely time consuming. If a manager follows the policy 
of constant checks he may find himself mired in confer- 
ences, paper work and detail. The resolution of this prob- 
lem is very simple. The rule involves two points: 

| (Cont. on page 36) 


Engineers have seen too many debacles result from the “Yours is not to 
reason why” attitude to be overly impressed. 
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To engineers whose 
creative energies are being 


cramped by routine duties... 


DOUGLAS GIVES YOU 
PLENTY OF “ELBOW ROOM” 
TO USE YOUR FULL TALENTS! 
Become a part of a crack engineering team building for 
tomorrow ... yet enjoying the rewards of accomplishment 


today. If you’re tired of the routine, let your creative energies 
express themselves at Douglas. Whatever your engineering field, 


you will assure yourself a rewarding career by taking advantage 
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of the many opportunities Douglas offers, such as... 


KEY OPENINGS FOR MECHANICAL AND STRUCTURAL 
DESIGN EnGineERS: Acronautical, Mechanical and Civil 
Engineers design, develop and test aircraft components 
from original design stage through flight test. 


For important career opportunities in your field, write: 


C. C. LeVENE 
DOUGLAS AIRCRAFT COMPANY, BOX P-620 
SANTA MONICA, CALIFORNIA 
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(Cont. from p. 34) 


Delegating 


1. The subordinate should report those things which 
are either especially significant or at variance 
with routine. 

2. He should be allowed to do the job on his own 
initiative until he has the complete package to 
present. 

The manager who follows these two rules will find his 
men growing in competence and self-assurance. Failure 
to follow them will keep both the manager and the sub- 
ordinates hamstrung with communications problems. 


6. Do You Define the Job’s Objectives? 


In research and development, where so much of the 
work is secret or classified, it is easy for the manager to 
adopt the policy of saying “Do it, and never mind why.” 
Too often this attitude carries over into matters that are 
not secret, but simply involve questions that are difficult 
to answer. 

Turning away a subordinate’s request for more infor- 
mation is a common practice in many companies. The idea 
that there are certain secrets that only top men are privy 
to leaves the boss with a very warm and satisfying feel- 
ing of omniscience but it does not satisfy the subordinate. 

The attitude of “Yours is not to reason why” went out 
of fashion with the Charge of the Light Brigade. Usu- 
ally only the manager himself is deceived by this tactic. 
Engineers have seen too many top brass blunders cloaked 
by this attitude to take the explanation too seriously. 

The manager who comes right out with clear explana- 
tions of the ultimate purpose of an assignment will find 





PROJECT ENGINEERING 
OF PROCESS PLANTS 


By HOWARD F. RASE, University of Texas; 
and M. H. BARROW, Foster Wheeler Corp. 
This practical guide shows you how major 
companies today plan, organize, and execute 
projects. All phases are covered—the steps 
and methods of modern plant design, busi- 
ness and legai phases of the project, principles of equip- 
ment design and selection, and actual construction opera- 
tions. 1957. 692 pages. 195 illus. $14.25. 


DIGITAL COMPUTER 
PROGRAMMING 


By D. D. McCRACKEN, 
General Electric Co., Phoenix, Arizona 

You can use this down-to-earth book on the 
job, because it presents the practical aspects 
involved in actually working with auto- 
matic digital computers. Principles and 
techniques are explained through TYDAC, a mythical com- 
puter devised by the author for those who have no com- 
puter available. 1957. 253 pages. Illus. $7.75. 
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that he gains respect and cooperation from his subordi- 
nates. Forcing them to do a job without knowing the 
reason or ultimate objectives invites errors, misunder- 
standing, and resentment. 


7. Do You Encourage Subordinates to Anticipate Needs? 


Doing so will pay dividends in a more alert staff. Also 
you may gain some good suggestions in the bargain. 
Getting the subordinate to think about his field of re- 
sponsibility as his own, alerts him to thinking critically 
about every aspect of his assignment and its relationship 
to the over-all work in the company. This approach is the 
basis of executive development programs in many for- 
ward-looking companies. 

However, because anticipating needs involves planning, 
which is the essence of the management function, it is 
difficult for many managers to let others in on this ac- 
tivity. They feel that planning is a manager’s exclusive 
prerogative and should not be surrendered to people 
further down the line. However, progressive companies 
have found that the further down the line that you dele- 
gate the planning function, the higher will be the rewards 
in ideas, suggestions and loyalty. 


A General Approach 


This brings us back to where we started. The process 
of delegating isn’t easy. It involves risk and it requires 
patience. But if a manager possesses the native skill of 
selecting competent men, and the self-restraint to allow 
them a free hand, he will find himself at the head of a 
surprisingly dedicated group of engineers. 
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DIRECTOR OF RESEARCH 


4 

‘ 

‘ 

: 

4 

4 

‘ 

‘4 

: 

A prominent midwestern university is seeking a highly { 
‘4 

. 

‘4 

‘4 
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‘4 

‘ 

4 

‘ 

‘ 
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qualified man to fill the position of director of research 
in a newly organized interdisciplinary program in trans- 
portation. He will be responsible for over-all direction 
of a long-range program of basic research in the field, 
and the planning and programming of specific, limited 
projects relating to transportation problems, 


The program may draw upon a combination of aca- 
demic disciplines, depending on the nature of the project. 
These areas include economics, geography, sociology, 
political science, engineering, business, and law. Staff 
and facilities of more than one university, in some 
cases several, will be drawn upon for some projects. 
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: 
The director should be familiar with modern analytical | 
techniques in economics and have a working knowiedge 
of transportation technologies. He will be largely re | 
>. > ‘ 
sponsible for the employment of a growing research staff; 
and the selection of personnel for particular projects. 
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The salary is open to negotiation, but will range from 
$15,000 to $18,000. Benefits and privileges will be those 
appertaining to faculty rank in the University. 


Address statements of qualification, including academic 
background and experience, to 


Box F-101 


RESEARCH & ENGINEERING 
103 Park Avenue, New York 17, N.Y. 
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Freeing SCIENCE SKILLS 

is? 

SO 

in, | 

ty AMERICAN TECHNOLOGY IS GROWING Besides being a major producer of 

ip by about 12 percent a year. The sup- canned soft drinks, Pabst, through its 

he ply of skilled personnel that each Industrial Products Division, is a 

- year becomes available is startlingly major source of several rare enzymes, 
below that figure. But the gap is antibiotics, and bio-chemicals. They 

g being bridged, at least in part, by also manufacture and market animal 

;, | modern scientific laboratory instru- feed supplements; and products for 

ae ments. the textile, dry cleaning, and other 

un Among the scientist-managers who industries, Be 

Je daily have to grapple with the short- In all this diversified activity, man- 

. age is Dr. J. Peter Kass, director of saving hour-saving instruments are 

.. research for the Pabst Brewing Com- invaluable factors. Researcher Kass The spectrophotometer is used exten- 

is pany. Noting the difficulty of finding Sums up, “ . these instruments are sively for vitamin assay work. Tests that 
adequate numbers of scientists for making up for the highly trained formerly took 24 to 72 hours are now 
his own operation, Dr. Kass points people we don’t have—and can’t get”. compieted in minutes, with this tool 
to a spectrophotometer; “With that which analy nes the light spectrum for 
echine alone, we've been able to quick identification of substances. 

5S free some of our high-level brains for 

6 «6an additional 200 hours a week of 

of § non-routine, creative work. In effect, 

W § it represents 5 PhDs.” 

. 2 Add to these “5 PhDs”, the ad- 

§ ditional time saved in processing op- 





erations—in the order of two thirds 
for the quality-checking refractometer 
alone—and multiply the result by the 
variegated activities of Pabst and the 
total time saved mounts into man- 
years. 


ee ee te i ey 


Formerly added by hand, anti- 
foaming agents are now added au- 
tomatically in this laboratory op- 
eration which saves hundreds of 
hours each year. Freed from such 
routine tasks, scientists can now 
devote their technical background 
to more creative work. 
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i\ia Alcohol distillations in Pabst’s quality contro] laboratories used to be time-consum- 
| ae ing, tedious operations. Here, another tool of science, the refractometer does the 
. job and saves more than two-thirds of the precious hours formerly taken for the 
quality check. 
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Electrolytic Hygrometer 


Operating in the difficult 0— 1000 ppm 
range in temperatures up to 100° C, a 
panel mounted electrolytic hygrometer 
automatically and continuously measures 
water concentrations in vapor samples 
with 5% accuracy. Analysis is performed 


by continuously passing a sample gas 


stream through a special analytical ele- 


ment that absorbs and electrolyzes all 
moisture present in the stream. The cur- 
rent required for this electrolysis is a 
precise measurement of the amount of 
water present. An alarm system that can 


be set for any point in the hygrometer’s 


range is incorporated in the unit. A 
standard 10 or 50 wmillivolt potentio- 
metric recorder or recorder-controller 
can be operated from the instrument’s 
output for continuous monitoring of 
water in a process stream. Beckman 
Instruments, Inc., 2500 Fullerton Rd., 
Fullerton, Calif. 
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Liquid Level Indicator 


Reliable, accurate and trouble free indi- 
cation of liquid level is provided in this 
liquid level sensing system. The device 
is capable of operating a light to indi- 
cate whether or not liquid is above or 
below a certain level. It can also actuate 
a control to start or stop pumps, or can 
operate valves to transfer liquid from 
one tank to another. It has no moving 
parts, and is resistant to shock, vibration 
and corrosion. A-c or d-c powered, with 
low power consumption, the Simmonds 
Liquid Level Sensing System operates 
in any military aircraft fuel, hydraulic 
fluid, aircraft gas turbine lubricating oil 
or other hydrocarbon liquids. It can be 
designed also for many liquefied gases. 
The unit operates in liquids from 75° C 
to —55° C or their pour points, which- 
ever is higher. Simmonds Aerocessories, 
Inc., 105 White Plains Rd., Tarrytown, 
oe A 
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Infrared Monochromator 


Radiations from other aircraft and 
missiles can be observed on an airborne 
infrared monochromator when installed 
in a bomber. A complete radiation lab- 
oratory in itself, the AIM is designed to 
determine the absolute spectral distribu- 
tion of radiation from airborne targets 
in the 1.5-25 micron region, to determine 
the total radiation from targets and to 
record these measurements on a_ two- 
channel recorder. The device is also a 
valuable research tool for finding air- 
craft designs that are least susceptible 
to detection by enemy infrared instru- 
ments. Servo Corp. of America, 20-20 
Jericho Tpk., New Hyde Park, N.Y. 
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Mass Spectrometer 


Problems of analyzing extremely small 
amounts of gaseous mixtures, or liquids 
capable of being vaporized, can be solved 
with an inexpensive, portable mass spec- 
trometer. Precise batch or _ process 
analyses can be performed in the field or 
in the plant. The over-all mass range of 
the Type 21-611 Mass Spectrometer is 
from 2 to 80 with resolving power ade- 
quate for separation of adjacent peaks 
up to about mass 35. Consolidated Elec- 
trodynamics Corp., 300 N. Sierra Madre 
Villa, Pasadena, Calif. 
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Light Change Detector 


A photoelectric instrument designed to 
detect light changes in the micro-lumen 
range, the operating sensitivity of this 
unit is adjustable within a wide range of 
light change limits to meet specific re- 
quirements. The device is designed to de- 
tect deviations from normal configura- 
tion of solids, liquid and visible gases 
passed before the eye of the unit. The 
instrument has found successful appli- 
cation in the textile industry in detect- 
ing flaws, counting and maintaining 
quality control in yarn production. Va- 
riations in wire, vapor, webs or fila- 
ments of any material may be automati- 
cally detected, counted, and if desired, 
a stop motion actuated. Lindly & Co., 
Mineola, N.Y. 
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Bridge Balance Unit 


Designed to embody the advanced in- 
strumentation technique of Series Cali- 
bration and eliminate the need for data 
reduction personnel to average-through 
calibration pulses or fair zero and base 
line references, this automatic-calibrat- 
ing bridge balance unit is useful in mis- 
sile range instrumentation systems and 
in flight test programs of advanced 
military aircraft. A time and effort 
saver for balance, control and series cali- 
bration of strain gages, accelerometers, 
pressure pickups and other resistive type 
transducers, the Mode] 24-202 is of spe- 
cial value in recording dithering type 
information and provides calibration 
steps that are truly square wave for 
clearer interpretation. The unit provides 
independent adjustment for each channel 
of voltage, balance, galvanometer damp- 
ing, sensitivity, calibrating level and 
phase. B & F Instruments, Inc., 4782 N., 
Broad St., Philadelphia 41, Pa. 
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Quartz Crystal Goniometer 


Even unskilled operators can orientate 
crystal surface and lattice planes quick- 
ly to accuracy within 30 seconds of are, 
with a high precision quartz crystal 
x-ray goniometer imported from Eng- 
land. The instrument features a large, 
direct reading scale, simple controls, and 
a higher sensitivity than required for 
even weakest quartz reflection. It is suit- 
able for routine testing of both large 
and small crystal blanks and may be 
used with either a high intensity micro- 
focus x-ray unit or with conventional 
x-ray diffraction equipment. The Hilger 
Model Y¥-130 Goniometer is available 
from Jarrell-Ash Co., 26 Farwell St. 


Newtonville 60, Mass. 
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Plug-in Building Blocks 


These transistorized logical circuits for 
asynchronous digital computing, data 
handling, logical analysis, simulation, 
and control systems, are designed for 
d-c operation in the zero to 100 ke range. 
Basic circuitry is derived from the 
Eccles-Jordan flip-flop and the multi-leg 
diode gate. Transistorized M-PACs offer 
advantages over vacuum tube circuits in 
reduced size, low power requirements, 
low operating temperature and increased 
reliability. They can be combined to per- 
form all digital operations including 
arithmetical computation, storage, pro- 
gramming and logical decision. Opera- 
tions are determined by the manner in 
which the different basic packages are 
connected. Complete systems can be built 
up with the units by interconnecting 
terminals according to simple guide 
rules. Systems can be designed, con- 
structed, maintained and operated from 
simplified block diagrams which give 
basic system logic, M-PAC locations and 
pin-connections. There is no need for cir- 
cuit design and component selection ex- 
cept as required for auxiliary data input 
and readout stages. These systems may 
be powered by standard transistor sup- 
plies and are compatible with commer- 
cially available storage and readout 
devices. Although designed for asyn- 
chronous applications, the units may be 
used in synchronous systems with ap- 
propriate clocking circuits. For efficient 
and rapid system implementation, the 
M-PAC line includes the following basic 
packages: Flip Flops, Emitter Followers, 
Pulse Amplifiers, Diode Gates and Buf- 
fers, Inverter Amplifiers, One-Shot 
Multivibrators, Variable-Frequency 
Blocking Oscillators, and Crystal-Con- 
trolled Square-Wave Oscillators. In the 
case of Pulse-Amplifiers, Emitter Fol- 
lowers, Gates and Buffers, each M-PAC 
contains two complete circuits. All are 
designed for high reliability and stabil- 
ity and are completely compatible with 
one another in all normal combinations. 
Computer Control Co., Inc., 92 Broad St., 
Wellesley 57, Mass. 
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Why high vacuum 7s /7ke Hi-Fi 


Both high vacuum and Hi-Fi are achieved through a finely tuned 
system. When you buy, you match components to get the perform- 
ance you want at the price you Can pay. 
In high vacuum as in Hi-Fi, it helps when you can select com- 
ponents from the widest possible lines. 
CEC offers the greatest choice of high-vacuum components 
available: 
77 different pumps. Oil cjector, dif- 1,000,000 micron-liters a second. 
fusion, diffusion-cjector; mercury dif- 17 different gauges. You can match 
fusion, Evapor-ion or mechanical—you pump performance with vacuum meas- 
can buy a CEC pump that fits in your urement exactly from this complete line 
hand or you can move all the way up the of CEC McLeod, thermal, and ioniza- 
line to the giant illustrated which pumps _ tion gauges. Chart shows ranges. 


10°72 10° 10° 10% 10% 107 10% 10% 10% 10% 107% 107 1 10 _10°mmHg 
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AUTOVAC PIRANI 





























McLEOD MG-07 
PIRANIS—2201-03 and 2203-C3 eee 
THERMOCOUPLES—TG-09, 010, 025, 029 So aaa 
THERMAL-IONIZATION PHG-T-O1 
PHILIPS—PHG-09, 010, 026, 027 
DISCHARGE PHG-27 
1 | WOT FILAMENT DPM-36 


HOT FILAMENT DPA-38 
HOT FILAMENT GIC-100 
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102 10" 10" 10% 10% 107 10% 10° 10% 10% 10% 107 1 10 10°mm Hg 


67 valves, baffles, and traps. Valves: Freon, or liquid nitrogen. Traps: Glass, 
Globe, quarter-swing, right-angle, gate, dust, and copper foil. 

and ultra-high vacuum. Combination We'll be glad to send bulletins on CEC 
valve-baffle. Baffles: Cooled by water, components that interest you. 


Consolidated Electrodynamics 
Rochester Division, Rochester 3, N. Y. 
formerly Consolidated Vacuum 





OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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Thimble-Size Rectifiers 


Designed for a maximum output of 600 
milli-amperes at a case temperature of 


150°C, these stud-mounted selenium 
rectifiers are capable of withstanding a 
maximum one-cycle surge current of 15 
amperes, and will operate to 170°C. 
General Electric, Semiconductor Prod- 
ucts Div., Syracuse, N. Y. 

CIRCLE 50 ON PAGE 48 FOR MORE INFORMATION 


Midget Sequence Relays 


Inexpensive midget sequence relays with 
a variety of DP-ST abd DP-DT contact 
arrangements are useful where a pre- 
determined cycle of operation is needed. 
A unique double cam movement permits 
contacts to be adjusted to operate when 
the coil is de-energized. The ability to 
transfer contacts on either the “operate” 
or “release” phase offers sequence ar- 
rangements never before practical in a 
simple inexpensive unit. Molded spacers 
lock the contacts into position and pro- 
vide 150-volt insulation to meet U. L. 
requirements. Contact spaces and 
pushers are of moisture resistant 
phenolic. Ratchets and cams are Nylon. 
Struthers-Dunn, Inc., Pitman, N. J. 
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Miniscule Transformers 


This complete line of transformers for 


transistor applications consists of 32 
items comprising two series: a 150 milli- 
watt series 21/32” H x 12/16” W x 5%” D 
with mounting tab centers 13/16", and 
weighing 0.6 ounces. A 300 milliwatt 
series is 18/16” H x 156” W x 13/16” D 
with mounting centers 15g”. The weight 
is 1.1 ounces. Gramer Halldorson Corp., 
2734 N. Pulaski Rd., Chicago 39, Il. 
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Smallest Insulated Terminals 


Dispensing with threads, nuts, washers, 
lockwashers and seals, by taking full ad- 
vantage of Teflon insulation and press- 
fitted installation, these smallest insu- 
lated terminals are claimed to be the 
smallest yet available. Dimensions of the 
units are 50% less for overall diameters 
and lengths than terminals calling for 
mounting hardware. Sealectro Corp., 610 
Fayette Ave., Mamaroneck, N. Y. 
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Oscillator in 34-Inch Cube 


Encapsulated in a %” molded epoxy 
cube, this complete blocking oscillator 
circuit includes a subminiature pulse 
transformer, transistor, capacitor, resis- 
tor and crystal diode. Available either 
as a free-running blocking oscillator or 
as an externally triggered type, the 
Pulse-Cube can be furnished as a plug-in 
or as a solder lug type. The operating 
temperature range is from —55°C to 
60°C. Allen B. DuMont Labs., Clifton, 
N. J. 
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Compact Duplex Clutch 


Double input with single output shaft is 
featured in a line of miniature duplex 
electro-magnetic clutches. The units are 
ideally suited for use as speed or direc- 
tion changers in servo type applications. 
High performance is coupled with small 
size, minimum weight and fast response 
time. Units operate on DC voltage and 
no slip rings are required. Autotronics, 
Inc., Route 1, Box 812, Florissant Mo. 
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Your Tektronix 












































7 7@ as a 
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. * a 
y = COMMUNICATIONS AID *- 
itor ' aa © ° 
ise |} Minute Magnetic Pickup e Acting as your pipeline to the @ 
sis- Providing minimum weight and size with FS e factory is another of his ® 
her § maximum voltage output, this sub-minia- —_— * * many helpful functions. »¢ 
or ture pickup is about the diameter of a ° = 


. wy & e 
the pencil eraser. Weighing approximately 4 ®e@ee eee0e2®? 
~in grams, the pickup is a highly compact, 


ing sensitive transducer which translates 

to @ the movement of ferrous objects into a GOOD CONNECTIONS 

™ variable and measurable AC voltage. The When fast service from the factory on any problem related to your 
output, proportionate to the rate of the Tektronix Instruments is important to you, call on your Tektronix Field 

ON object’s movement, provides an ex- Engineer. He knows the exact person to contact in each case, and can 
tremely accurate mechanical-electrical reach that person fast and easily. He gets results fast, too. The head- 
transfer of energy which can indicate quarters staff knows how important it is to you to receive prompt service. 


And he can call on anyone, from the company president on down, to help 
with your problem. The shipping schedule must remain firm, however. 
Even his company president won't juggle that. 


motion, torque, RPM, vibrations; actuate 
electronic counters, synchronize machin- 
ery, control circuits, and provide data 
for telemetering missiles and aircraft. 
Electro Products Labs., Inc., 4501 N. 


Ravenswood Ave., Chicago 40, Il. 
CIRCLE 56 ON PAGE 48 FOR MORE INFORMATION 


FACTORY TRAINING 


If you are responsible for the maintenance of a 
large quantity of Tektronix Instruments, ask 
your Field Engineer about the factory training 
course in maintenance and calibration. Many 
companies have sent their chief instrument- 
maintenance engineers to Portland for this free 
coursé; and have been mighty pleased with the 
results. Your Tektronix Field Engineer will be 
happy to set up a factory training course for 
you if your company approves. He’s your best 
source of information on this program and any- 
thing else related to Tektronix Instruments. 


Pygmy Potentiometers 


Sub-miniature, precision wire-wound 
trimming potentiometers with tabs espe- 
dally for printed circuit applications, 
these new Acetrims have all the features 
of regular %” precision trimmers, with 








IS 
: round or flat tabs in place of terminals, 

to facilitate assembly with other circuit 
: elements. Specifications include: %” CLOSING THOUGHT 
" size; weight % oz.; 10 ohms to 150K Because there just aren't very many men with both the inclination and the 
1 resistance; power 2 W @ 60°C max- special qualifications necessary in this exacting profession, your Tektronix 
imum; Temperature —55°C to 125°C; Ficid Engineer is spread pretty thin. But somehow he'll manage to be on 
sealed, moisture-proofed, anti-fungus hand when you really need him. Your understanding and cooperation 

insures a successful, satisfying relationship with the manufacturer of your 


treated; withstands severe shock, vibra- 
tion, acceleration; meets applicable Mil- 


itary specifications. Ace Electronics 
Assoc., Inc., 103 Dover St., Somerville 3 Tektronix Field Offices: Albertson, Long island, N. Y. 


44, Mass. — Albuquerque, N, M.— Baltimore, Md. — Bronxville, 


N. Y.—Cleveland, Ohio— Dallas, Texas — Dayton, Ohio 
a, 3 
> .” 
[a ‘ , , | 


— Elmwood Park, Ill.— Houston, Texas — Los Angeles, 
~ a “og "See ey 


Calif.— Menlo Park, Calif. — Minneapolis, Minn. — Mis- 
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oscilloscope .. . through your Tektronix Field Engineer. 






sion, Kansas — Newtonville, Mass. — Philadelphia, Pa. 
— Phoenix, Ariz.— Syracuse, N. Y.— Union, N. J.— 
Willowdale, Toronto, Ontario. 





Tektronix Engineering Representatives: Bivins & 
Caldwell, High Point, N. C. and Atlanta, Ga.— Haw- 
thorne Electronics, Portland, Ore. and Seattle, Wa.— 
“* Hytronic Measurement Associates, Denver, Colo.— Arthur 
Lynch & Associates, Fort Myers, Fla. 


‘ s 





Tektronix is represented in seventeen overseas 
countries by qualified engineering organizations. 





TEKTRONIX, INC., P. O. BOX 831, PORTLAND 7, ORE. 
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LABORATORY EQUIPMENT 





Improved Taper Joints 


Standard taper conical joints with built- 
in rubber O-rings are made of highest 
quality borosilicate glass, completely 
fusible and compatible with Pyrex and 
other borosilicate glass tubing. The O- 
ring, which may be removed, allows 
leak-proof glass construction and per- 
mits assembly of glass apparatus which 
is leak-proof at high vacuums—up to 
10-" mm. They completely eliminate the 
need for high-vacuum greases and per- 
mit freedom from atmospheric contam- 
ination of the system. The rubber O-ring 
is effective for work up to temperatures 
of 300°F., and silicone O-rings are avail- 
able on special order for work at higher 
temperature. Construction of the joints 
is such that the O-ring is protected from 
the action of attacking solvents by the 
ground tapered surface of the joints 
themselves. Arthur F. Smith Co., 311 
Alexander St., Rochester 4, N.Y. 
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Alpha Survey Meter 


A new portable survey instrument for 
alpha surface contamination measure- 
ment, consists of an unsealed air propor- 
tional alpha probe connected by means 
of a cable to a battery-operated count 
rate meter. The meter provides three 
ranges of 0-150, 0-1500 and 0-15,000 
count-per-minute. The counting chamber 
of the alpha probe has an active area of 
75 sq. cm. and a window thickness of 
approximately 0.8 mg/cm?. With its use 
the count rate unit will measure alpha 
contamination from a minimum of 2 
alphas per cm?/minute to 2000 alphas 
per cm2/minute. Designated as Model 
AP4, the probe is ideally suited for use 
with standard a.c. operated quarter-volt 
sealers or ratemeters, and may be or- 
dered separately for this purpose if de- 
sired. No modification of the probe is 
necessary. Nuclear Chicago Corp., 229 
W. Erie St., Chicago 10, Il. 
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MICROSCOPES | COMPARATORS 
FASCINATING! INFORMATIVE! 


T CATALOG 
yf OPT ICAL BUYS! 


ee «ee Yours Free! 


= \\ Over 1,000 Optical Items! 


MANY ON-THE-JOB 
HELPS . . QUALITY CONTROL AIDS! 


Write for this amazing Catalog! You won't be sorry! 72 
poges — hundreds of illustrations, charts, diagrams. A 
treasure-house of optical information . . . bargains 
galore. Optics for industry! Optics for research labs, 
experimenters, hobbyists! Instruments for checking, 
measuring — to speed your work, improve your quality, 
cut your costs. We give you FACTS, no fluff. Tell you 
what it is — how it works — where it’s used 


COMPARATORS, MAGNIFIERS, MICROSCOPES 
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WESPECTION Countless wor surplus bargains—ingenious op,..cal 
tools from foreign lands; Thousands of optical 
components, lenses, prisms, wedges, mirrors, mounts 

5 se —accessories of all descriptions. We are reliable. 

ty a You deal with us by mail. No salesman will call. 

°) r Shop the Catalog of America’s greatest optical 
mart. 
SPECTROSCOPES Request Free Catalog “AB’’ 


INFRA RED ITEMS 
#—Send check or M.O.—or order on Open Account 
—Satisfaction guaranteed) 


INFRA RED FILTERS—Mfg. 


(Order by Stock 


for use with Snooperscopes. War surplus, 
valve $6.00. wr} ~~ "xe" thick. 
Stock 360,033-AB........ $2.00 each Postpaid 
INFRA RED IMAGE TUBE—British oe 1a svpe. Converts infra red 
to visible light. Stock 250,046 $7.95 Postpaid 
Coming! War Surplus Infra-red “ye og IP 25 Image 
ubes, etc. Write for Bulletin 26-AB 


Send Check or Money Order, Or Order on Open Account 





EDMUND SCIENTIFIC CO., Barrington, N. J. 
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TRAINING 


. your engineers to write effectively is the only 
real solution to cluttered communications. 


Your engineers can be taught to write clear, 
readable, well-organized: 
* technical papers 
* progress reports 
* technical proposals 
- written instructions 


quickly and at low cost, by a frequent contributor to 
RESEARCH & ENGINEERING* 


SCOTT NICHOLSON ASSOCIATES 
Rm. 402, 37-39 East 28th St. 
New York 16, N. Y. 


*Making the Most of Committees 
Administrative Assistants 
Authorship and Company Policy 
Risks and Rewards of Delegating 
How Much is an R/D Boss Worth? 


RESEARCH & ENGINEERING 
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Standard Exchanger Parts 


Ability to buy a specific heat exchanger 
Son an “off the shelf” basis can result in 
considerable savings in terms of time 
and custom design costs. A complete line 
Sof single and double-pass carbon shel! 
hat exchangers is now available on a 
two-weeks delivery basis. The flexibility 
Sof this standardized equipment makes it 
possible to solve the majority of heat 
exchanger problems without the need for 
special designs, while still adhering to 





ASME and TEMA code construction. 


Many combinations of diameter and 
length are available, and the number of 
passes can be varied according to spec- 
fications. Flange nozzles or couplings 
tan be installed in any position, and shell 
and side baffles can be spaced as desired. 
Standard shell diameters range from 
4%” to 20”. Units are designed for 75 
psi tube pressure and 150 psi shell side 
pressure up to 300° F. The Pfaudler Co., 
5 1036 West Ave., Rochester, N.Y. 























- 


CIRCLE 63 ON PAGE 48 FOR MORE INFORMATION 





JUNE 1957 














to 


1, 





input requirements 
completely integrated CALIDYNE Vibration Test 
Systems. Oscillatory linear forces up to 5000 lbs. are generated 
and precisely controlled over wide ranges for vibration research and test 
of products up to 411 Ibs. maximum load. Any of these five Vibration Test 
Systems using this New Model CALIDYNE 177 Shaker will enable you to: 


Discover effects of “brute force’’ shaking on your assemblies and de- 


CALIDYNE 
177 SHAKER SYSTEMS 


upto 









LBS. 


FORCE OUTPUT 


LBS. 
LOAD AT10G 


upto 


for higher rey 


t is the 






The Model 177 is one of a new 
series of “‘wide-band”’ shakers designed 
operation and lower 
asic Unit for five 


termine their ability to withstand vibrations far beyond those of 
normal operation. 


. Provide factual vibration data essential in determining mode shape, 
frequency and damping characteristics. 














3. Determine results of fatigue testing at extremely high stresses and 
deflections. 

CALIDYNE VIBRATION TEST SYSTEMS USING NEW MODEL 177 SHAKER 
System Type of Force Power Frequency Maximum Load 
Number Vibration Output Supply Range 10 g. 20 g. 

1| 177/80 Sinusoidal | 3500 Ibs.| Electronic! 5-2500 cps. | 261 Ibs. 86 ibs. 

2| 177/180 | Sinusoidal | 5000 Ibs.| Rotary 5-2000 cps. | 411 Ibs. | 161 Ibs. 

3| 177/186 | Sinusoidal | 5000 Ibs./ Electronic | 5-2500 cps. | 411 Ibs. | 161 ibs. 
Random or 

4| 177/190 | Sinusoidalt | 5000 Ibs./| Electronic| 5-2500 cps. | 411 Ibs. | 161 Ibs. 

5| 177/190 | Random 5000 Ibs./ Electronic) 5-2500 cps. | 411 Ibs. 161 ibs. 


























tThis system will perform with Random, Sinusoidal, Tape or Mixed Inputs. 


A separate Bulletin 17700 details the specifications, performance data, basic 
ies of the new Model 177 CALIDYNE Shaker and 


com 
its 


nents and accessories 0 
ve Shaker Systems. For engineering counsel in applying Controlled 


Vibration to your research and testing, call us here at CALIDYNE — 
Winchester (Boston) 6-3810. 





MP. Odell Compony 
Westlake, Ohio (Trinity 1-8000) 
Dayton, Ohio (Oregon 4441) 
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Pittsburgh, Po. (Fremont 1-1231) 
Detroit, Michigon (Broodwoy 3-5399) 
F. ®. Jodon, Inc. 

Woshington, D. C. (Oliver 2-4406) 


Chicego, WM. (Ambassodor 2-155 5) 
Indionopolis, ind. (Glendale 3803) 
Minneapolis, Minn. (Colfax 7949) 





Gerold 8. Miller Co. 
Hollywood, Calif. 
Sen Diego, Collf. (Acodemy 2-1121) 
Belmont, Collf. (Lyte! 1-0365) 


2-1195) 


Dollies, Texas (Riverside 1-3266) 


Houston, Texas (Jockson 6-2959) 


Ridgewood, N Specie! red Equipment Corp john A. Grown Co. 
Syosset, L. 1, ~ ‘ ay! owe Cocoe Beach, Flo. (Cocoe Beoch 3328) 
Philadeiphia, Po. (Wolnut 2- 

Marsiand and Co 


Tulsa, Okichome (Riverside 2-4657) 
Tucson, Arizone (East 6-1 266) 
Denver, Colorodo 


(Acome 2-9276) 
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Why not brief us 
on your problems 
involving special 


COATINGS ? 


We manufacture many types of 
vacuum-deposited coatings .. . 
and we're both willing and pre- 
pared to work with you on your 
special problems. In fact, it is a 
key part of our business. 


Whatever the nature or size of 
your problem, why not put it 
up to us? 








Reference file on vacuum-deposited coatings. 
Data on reflection, transmission, adherence, 
hardness, durability, water resistance and other 
characteristics. Covers these coatings: 


Aluminum First Surface Mirrors 
Chromium First Surface Mirrors 
Gold First Surface Mirrors 
Neutral Filters 
Transparent Mirrors 
Beam Splitters, High Efficiency 
{low or no light absorption loss) 
Beam Splitting Dichroic Mirrors 
Beam Splitting Dichroic Filters 
Metallic Electrically Conducting Coatings 
Transparent Electrically Conducting Coatings 
Beam Splitters or Dichroic Mirrors 
(with transparent electrically conducting coatings) 
Low Reflection Coatings 


WRITE FOR YOUR REFERENCE FILE 


LIBERTY vacuum-deposited COATINGS 


LIBERTY MIRROR DIVISION 


LIBBEY°OWENS:FORD GLASS CO. 
BRACKENRIDGE, PA. 
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MADE BY ZEISS | IN WEST GERMANY 


SPECTROPHOTOMETER PM@Q II 








This new instrument offers universal applications for rapid, reliable 


and accurate photometric measurements of liquids, gases and solids 


at the highest resolving power of the spectrum. 


The spectral region ranges from near-infrared (1,000 mu) to far- 
ultraviolet (200 mu). The transmission and extinction is directly 
and easily read off on the scale indicator. Operates on 110-volt 


Alternating Current. 


Write for free, detailed literature 
CARL ZEISS, INC., 4s riety ave., New york 17, N.Y. 


Guaranteed uninterrupted repair service 
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Lab Equipment 


Memory Drum 


Over 12,000 bits of data and associated 
clock reference information can be 
stored in this new miniaturized, mag. 
netic memory drum. The device may be 
incorporated in data handling systems 
and computer systems or utilized as a 
laboratory testing instrument. The stand- 
ard laboratory drum measures 3%’ 
diameter and contains 12 information 
channels plus clock and fiducial channels, 
Each channel is 0.70” wide with a 
capacity of 1024 bits. The drum is belt- 
driven with variable speeds to 15,000 
rpm. Access time is approximately 1.25 
milliseconds. BJ Electronics, Borg. 
Warner Corp., 3300 Newport Blvd, 
Santa Ana, Calif. 
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Resin Reaction Apparatus 


Use of a new plate design makes it 
possible to employ round bottom flasks of 
8500 to 33,000 ml. capacity in a resin 
reaction apparatus, which prior to this 
development could only accommodate 
5000 ml. round bottom flasks. The %-inch 
thick cover plate, made of Pyrex brand 
glass has five standard taper joints to 
receive a condenser, thermometer, stuf- 
fing box with heavy-duty stirrer, sep- 
aratory funnel and gas inlet tube. Since 
the entire unit is made of Pyrex glass, 
except for stand and clamping assembly, 
full observation is permitted at all times. 
The apparatus is ruggedly constructed 
and easy to assemble. A heating mantle 
can be supplied. Scientific Glass Appa- 
ratus Co., Inc., Bloomfield, N.J. 
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Ignition Apparatus 


An ignition apparatus has been devel- 
oped for determination of S.I. Tempera- 
ture of plastics and other solids; and for 
evaluation and classification of any com- 
bustible or non-combustible materials. 
The Setchkin Ignition Apparatus for 
Solids can also be used for research on 
ignition and combustion processes. Cus- 
tom Scientific Instruments, Kearny, Nw. 
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ANDREW BOTTARO 


After starting with Bell as a Loftsman in 1942, 
he left for college in 1945 and received a 8. S. 
in Mechanical Engineering from Purdue in 1949. 
He returned to Bell immediately as a Develop- 
ment Test Engineer on Thrust Chambers and 
soon excelled in R & D testing, the design of 
test equipment and instrumentation. He is now 
manager, at 33, of the Wheatfield Plant Rocket 
Laboratory. 











Where folks are on the up and up 


Engineers with ability, like Andrew Bottaro, move up rapidly in 
Bell Aircraft’s newly-organized Rockets Division. This fast mov- 
ing, rapidly expanding organization offers challenging opportu- 
nities in practically all fields of engineering. From the initial 
design of components to the installation of the complete power 
plants, engineers here are making important contributions to 





this new and vital technology. 
If your present position does not offer the professional 
future of which you believe yourself capable —if you're look- 


ing for a chance to accomplish more and move faster, 
investigate the opportunities at Bell Aircraft. 

Write today: Manager, Technical Employ- 
ment, Dept. M34, Weapon Systems Division, 
BELL AIRCRAFT CORPORATION, P. O. Box One, 


Buffalo 5, New York. 


Aprvrtd) (OP 


BUFFALO N.Y. 


1957 





Aerodynamicists 

Aeronautical Engineers 
Automatic Control Designers 
Chemical Engineers 
Combustion Research Engineers 
Communications Engineers 
Design Checkers 

Development Engineers 
Digital Computer Development Engrs. 
Dynamic Engineers 

Electronic Engineers 

Electronic Standards Engineers 
Engineering Computors 
Environmental Specialists 
Field Test Engineers 

Flight Test Engineers 

Flight Test Programmers 

Fuel Injection Specialists 

Gear Designers 

Guidance Engineers 

Gyro Specialists 

Heat Transfer Engineers 
Hydraulic Engineers 

IBM Programmers 
Instrumentation Specialists 
laboratory Test Engineers 
Magnetic Amplifier Specialists 
Mathematical Analysts 
Mechanical Engineers 
Microwave Engineers 
Miniaturization Engineers 
Nuclear Physicists 

Operations Analysts 
Physicists 

Power Plant Designers 
Pressure Vessel Designers 
Project Engineers 

Publication Engineers 

Radar Systems Engineers 
Reactor Designers 

Reliability Engineers 

Rocket Test Engineers 

Servo Systems Engineers 
Servo Valve Engineers 
Statisticians 

Stress Engineers 

Structures Engineers 
Specification Writers 

Technical Writers 

Test Equipment Engineers 
Transformer Design Specialists 
Transistor Application Engineers 
Thermodynamic Engineers 
Telemetering Engineers 
Turbine Pump Designers 
Vibration & Flutter Analysts 
Weapons Systems Engineers 
Wave Guide Development Engineers 
Weights Engineers 
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DEPEND ON 


FISHER 


DAVIS-BRUNING 


COLORIMETER 


THE COLOR MEMORY FOR INDUSTRY 





Have to get a color exactly? And keep it 
once you have it? Fisher Scientific’s de- 
velopment engineers have found the an- 
swers in the Davis-Bruning Colorimeter. 
It translates any color, in any product, 
into a permanent numerical formula that 
can be converted back into the original 
color whenever an exact re-match is 
wanted. The Colorimeter has broad ap- 
plications in paint, food, textile, paper, 
plastics, printing, ceramics and other 
fields requiring exact color control. 


' Stops Color Drifting 
Standardizes by Formula 


Eliminates Long Calculations 





- Measures Color Differences 
Tests Color Blindness 








SS FISHER 


bes 
we 
ce.oermeree 





WANT TO 

KNOW MORE? 
Send for the 8-page book- 
let which details the how 
and why of the Davis- 
Bruning Colorimeter. 
You'll find it helpful. 





115 FISHER BLDG., PITTSBURGH 19, PA. 


FISHER 
SCIENTIFIC 


Boston Buffalo Chicago Charleston, W. Va. 
Cleveland Detroit NewYork Philadelphia 
Pittsburgh St.Louis Washington Montreal - Toronto 


America's Largest Manufacturer-Distributor of 
leborotory Appliances ond Reagent Chemicals 
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DEVELOPMENTS 











(Continued from page 8) 


Academy of Sciences. Dr. Gunn re- 
ported that investigations indicate a 
relationship between the cleanliness 
of air and the likelihood of rain, and 
contamination 
caused by smokestacks and atomic 
bomb explosions may slow the forma- 
tion of rain. His conclusions were 
based on studies made with a large, 


| artificial cloud chamber operated by 
| the Weather Bureau 
_ Texas. 


at Hitchcock, 


Dr. Gunn stressed that he was not 


| contending that atomic blasts to date 
| had altered weather conditions. The : 
| Academy itself had reported last year | 


that it found no conclusive evidence 
along this line. The weather expert 
noted that the answer to this ques- 
tion involves numerous variables and 


a qualitative determination of how 
'much atomic dust has been cast into 
the atmosphere. 


However, his investigations indi- 


cated that the dirtier the air became | 


the more difficult it was for rain 
droplets to form and to grow big 
enough to fall. “If you dump enough 
junk into the air, it is going to de- 
crease the initiation of rain,” he said. 
Dr. Gunn predicted that the only 
way we will be able to solve the future 
air pollution problem will be with 
“atomic power which does not dump 
ash and other matter into the air. 


Fish Flour for the Masses 


A low cost, high quality protein 
that could aid in controlling chronic 
starvation in many of the world’s 
underdeveloped areas may soon be 
available, in view of plans to build 
a fish flour producing plant at New 
Bedford, Mass. The factory, the first 


of its kind anywhere, will be de- | 


signed and built by Blaw-Knox Com- 
pany, Chemical Plants Division, in 


collaboration with the VioBin Corp- | 


oration, a firm which has developed 
special techniques for making a super- 
ior grade of fish meal. 

Fish flour is said to be tasteless 
and odorless, of high nutritive value. 
and of far lower cost than any other 
form high quality protein. It can be 
used as an additive in foods and phar- 
maceuticals. It is also said to be the 
first stabilized and deodorized product 
of high biological value ever produced 
for human consumption. 











Midget sub 
packs big wallop 


The Navy’s midget submarine X-1 has 
added a new dimension to our na- 
tional defense. 

Only 50-feet long and weighing 25 
tons the sub was produced by Fairchild 
Engine Division of Fairchild Engine and 
_ Aircraft Corporation, Deer Park, Long Is- 
land, N. Y., first aircraft manufacturer 
ever to build a submarine. 

The X-1 carries a 4-man crew, can 
dive under or cut through steel nets 
protecting harbors, and sneak up riv- 
ers and canals. Possible targets in- 
clude power plants, bridges, and dams 
as well as enemy shipping. 

Ward Leonard is proud to have sup- 
plied the control for the electric drive in 
this new naval vessel. Naturally, much 
_ depends on the reliability and durability 
of the X-1’s equipment. And, it is in these 
qualities Ward Leonard products excel. 

Whether you need an electric con- 
trol for a sub’s motors, a relay to han- 
dle a watt or five hundred, a contactor 
to handle horsepower or kilowatts, a 
lighting dimmer to control mega- 
watts, ora simple resistor or rheostat, 
large or small, try Ward Leonard. 
These products give you extra per- 
_ formance and extra stability whatever 
their field of application. And, if 
you're stuck with a tough design or 
application problem, don’t hesitate 
to call on Ward Leonard engineers 
for expert help. Write Ward Leonard 
Electric Co., 12 South Street, Mount 
Vernon, N. Y. (In Canada: 
Ward Leonard of Canada, 
Ltd., Toronto. ) 


LIVE BETTER... E/ectrically 
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Latest on Lithium 80 Assembly Costs Cut 


Lithium metal dispersions have unique Quickupl stainless steel pipe fittings ne 
properties as polymerization catalysts. no threading, welding or flaring. 
Lithium Corp. of America, Inc., Vanton Pump & Eqpt. Corp., Hillside, NJ. 
2697 Rand Tower, Minneapolis 2, Minn. 


Special Transformers g 
Non-Corroding Refractories 81 This firm is experienced in designin 
These refractories are proving superior transformers to difficult specifications 
in numerous corrosive applications. Peerless Electrical Products Div of Altec Lon: 
Carborundum Co., Dept. S57, Perth Amboy, NJ. Corp., 1515 S. Manchester, Anaheim, Calif, 


-Packed Solvents 
A Gram or a Carload 82 eanindiene : . 
f Reagant chemicals packed in unife 
Rare earths are available for prompt gallon containers are easier to use. 


shipment in any quantities desired. Me 
Lindsay Chemical Co., 274 Ann St., Fisher Scientific, 115 Fisher Bldg., Pittsburgh, 
West Chicago, Ill. 


Reconditioning Aid 


Tektronix field engineer will arrange 
have your oscilloscopes factory rebuilt, 


Tektronix, Inc., P.O. Box 831, Portland 7, Ore. 


Analysis Microphones 83 
The 21BR series have proven fully ac- 
ceptable in high intensity sound meas- 
urement. 

Altec Lansing Corp., Dept of Advanced Engi- 
neering, 1515 S. Manchester, Anaheim, Calif. Tube Type Furnace 


This lab. furnace is ideal for brig 

annealing, brazing, hardening, sinteri 
Electronic Grade Chemicals 84 lab Eqpt. Div., Lindberg Engineering Co., 
Impurities are reduced to new lows in 2489 W. Hubbard St., Chicago 12, Ill. 


these compounds for semiconductors. 


Baker & Adamson, General Chemical Div., Allied 


Chemical & Dye Corp., 40 Rector St., N.Y.C. 6 
. Micro Technoscope 


This stereoscopic binocular is suited f 

c industrial inspections and examinati 
compact Connector Unit BS carl Zeiss, Inc., 485 5th Ave., N.Y.C. 17 

Single or multiple Unilok is half the size 
and weight of usual AN connectors. 
Burndy Corp., Norwalk, Conn. 

Consulting Researchers 

This independent chemical consulting | 


Short-Order Charts gg will help solve your r/d problems. 
Evans Research & Development Corp., Dept. & 


Special strip and circular charts can be 250 E. 43rd St., New York 17, N.Y. 
produced quickly to your specifications. 
The Bristol Co., Waterbury 20, Conn. 


Sound Cleaning 


Optical Bargains 87 The portable, ultrasonic Glennite cleat 


Over 1000 items of every type of optical quickly and easily cleans small object 


device are listed in this big catalog. Standard Scientific Supply Corp., 
Edmund Scientific Co., Barrington, NJ. 808 Broadway, New York 3, N.Y. 


88 Lithium Chemical Uses 


There’s a whole dictionary of uses % 
lithium. Write for more informat 


Foote Mineral Co., 455 Eighteen West © 
Bidg., Philadelphia 44, Pa. 


Getting Things Done 


This visual control system gives a pic- 
ture of all your operations at a glance. 
Graphic Systems, 55 W. 42nd St., N.Y.C. 36 


High-Temp Ceramic Ware 89 


Leco Zirconia ware for temperatures up => 
to 4600° F is also chemically inert. The Magne Dash autoclave is ideal 


Laboratory Equipment Corp., small batch work—pressures to 5000 
5005 Hilltop Rd., St. Joseph, Mich. Autoclave Engineers, 2934 W. 22nd St., Ene, 


Research Pressure Vessel 
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